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Simplicity 
Gurney Ball Bearings 
simplify machine 
design because both 
radial and thrust loads 


are carried on a single 
bearing, on a single 


row of balls. 


The ability of Gurney 
Ball Bearings to carry 
loads up to 40 tons, 
or speeds up to 40,000 R.P.M. (but not of necessity on 


the same bearing!) has been amply demonstrated. 


They do it by reason of certain inherent qualities, the great- 
est number of balls of maximum size, and raceways properly 
fitted to the character of the service required. 


Our Engineering Service Department, with its vast store of 
data, and its seventeen years of experience in the adaptation 
of ball bearings to a multitude of conditions, is at your service. 


GURNEY 


GURNEY BALL BEARING CO. 


CONRAD PATENT LICENSEE 


JAMESTOWN NEW YORK 






































Army Motor-Transport Vehicles 


By JOHN YOUNGER.! 


This paper contains a discussion of the types of vehicle best adapted 


to various military needs. Motor-transport vehicles have been classi- 


fied by the Army under ten broad heads, ranging from the motorevcl: 


to the 5-ton truck, and such a classification has been found to be a 


most satisfactory one The ultimate ideal is of course to standardize 
a single type of vehicle for each class, and with that point in view th 
writer discusses the vartous vehicles used. Numerous photographs ar 
presented as illustrative of American design and construction. and in 
the comple fe paper tables and curves will be found giving data on th: 


rartous types used during the war 


N ceonsideri the ubject of motor-tran port ‘ cle ised b 

the | 5 Army the writer believes it is unnee rv ft yi? 

any detail regarding the hi tory of motor-vehicle transportation 
in military use. It is of interest in passing, however ( 
steam ve es were successtully used years ago, reaching thei 
highest point of development in the British South African war 
Motor road transportation does not eome into vreat prominenes 
wa ntiil the Great War of 1914, when 1 ise exceeded thre 
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direction : plain in the future to oe : ry 
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STANDARD “B’ 


mates of even the most radical. During the war motor vehicles 


vere used by the tens of thousands. They paralleled the railroads, 


they erossed the railroads, they radiated in all direct ons. 


channel ferry and run rig 


ht up to the front line in France, without 


iny changing of load, the saving in time being of course enormous 


It is a matter of record that the fight for Verdun was fought and 


von largely through aid furnished by motor-vehicle equipment. 


Che railroad was at the merey of the enemy, and a military hig 


way 


iccommodating four streams of trucks was built, thus saving the 


eity. 
These are matters of history pointed out principally to illustrate 
1 new mechanical feature which has arisen in warfare. The sue 


cessful army, as of old, is in large measure the one which possesses 


the characteristie of creat mobility. The internal-combustion-en 


gine motor vehicle has in the past decade accomplished a revolution 
in military mobility and it is proper, therefore, that attention 
should be directed to the technical features underlying this great 
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trucks, loaded with shells in the Midlands. weredr ven straight to the 
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ssenger Cars (enclosed or limousine tyne for 
carrying staff 
t Ambulances 


0 j l'on lrucks, lor ¢arryving cargo or personne 


personne! 


6 1'o-Ton Trucks (either pneumatie or solid tires) for earry- 
ing cargo or personnel 


( 3-5-Ton Trucks on solid tires 


S Truc ks ol t} e 4-wheel drive tvpe 


J Cargo-earrying truck-laying type of vehiel 
lO Trailers ,-114-3-5 or 10-ton 
SPECIA Army Reo EMENTS 


Before proceeding with a discussion in detail of each of the 
tvpes in the foregoing classification, it would be well to consider 


whether the Army has or has not special requirements which render 


necessary the special design in their equipment. The inability of 
the motor vehicle to work economically on poor roads has called 
forth a general demand for improved highways which has resulted 
in the spending ot millions of dollars on state highways this year 
alone. 


These state high Wavs are chosen in location just 
railroad is 


as e 
beeause of the economie purpose the road will serve, 
either in our commercial life or in our re reation. 


minoriiy that operate pleasure cars on poor roads have to pay the 
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penalty, and even more so with motor trucks. A great volume 
of business lies in the cities where exceptionally good roads are 
met, whereas the number of trucks operating outside of the cities 
is very small. 

The problem of the Army, however, is different, for rarely, 
if ever, does it operate in a big city, its operations being confined 
to the open country. It has to take roads as it finds them and some- 
times it has even to make its own roads. In this connection it 1s 
of interest to examine the roads on the borderlands between this 
country and Mexico and to observe that they actually barely exist. 
The needs of the Army must therefore be considered from the 
military standpoint and neither political nor commercial consider 
ations should be allowed to block the main issue, namely, that the 
Army must have proper motor transportation suitable to imsure 
its mobility under any possible circumstances in which it will be 
ealled to fight. 
arguinents pro and con as to the advisability of the army using 


Stress is laid on this point as there have been 


commercial velucles. The war in France brought little ight on this 


subject because for vears the battle line was practically stationary 
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rugged design. There are, however, commercial aspects in this 
case as maehines such as the above have a tremendous market off 
the beaten highway and their economic and satisfactory use by 
farmers and the like over poor roads, or over no roads at all, fur 
nishes suflicient test to warrant the army considering very seriously 
in this ease the commercial vehicle. On the whole, it was found that 
the car of the Dodge type gave the most satisfactory results. This 
tvpe of vehicle was used for officers in their work involving the 
covering of territory, in the transportation of light supplies, as an 
emergency repair wagon, and in all kinds of ways which will 
suggest themselves to any student of military affairs. It is the 
writer’s personal opinion that there is no necessity for two types 
of ears—one type alone will be ample. Only in cases of sudden 
emergency, where a tremendous increase in the army would be 
required, would it be advisable to increase the number of types. 
Heavy Passenger Cars. For staff use it is essential that a more 
powerful ear, capable of maintaining a high speed over long dis 
tances, should be provided. This car should be preterably of the 
sedan or limousine type to insure comfort to the occupant. The 
staff officer in directing troop movements is often required to 








Fic. 2) ORDNANCE DesIGNn or 4-WHEEL-DRIVE “TRACTOR-TRUCK” 


and the country behind the lines had innumerable highways of 
high-grade construction of an antiquity reaching back way beyond 
the days of Napoleon—actually to the days of Julius Cesar. 
The motor vehicle, therefore, for military use should be considered 
from the military aspect and we should not necessarily try to foist 
on the Army vehicles which are of proven value only in the 
commercial field. 


DISCUSSION OF TYPES 


Votorcycles. These proved of tremendous use in warfare. Where 
despatches had to be carried over exceedingly rough ground, where 
high speed was essential, where transportation under fire was neces 
sary, the motoreycle proved its value. Two of the commercial makes 
of motoreycles manufactured in this country proved that in general] 
they were satisfactory from a military standpoint. Military use, 
it is true, developed certain weaknesses which were ultimately 
remedied, but the experience of the war indicated that the present- 
day motorcycle of standard construction suitable for side-car use 
would survive as a standard of equipment, and that a light-weight 
machine—not over 250 Ib. in weight—should be developed for 
“solo” work. 

Light Passenger Cars. Two American machines were used in 
great quantities, the Ford and the Dodge. Both gave good satis- 
faction, but it is felt that still better satisfaction could be obtained 
by concentration on one passenger machine of a somewhat more 





make long journeys at might in such a ear, and all facilities 
should he provided to insure rest. This ear should be pro 
vided with facilities for carrying maps, reports, ete., and 
with necessary lights so that such could be studied during 
the mght. This ear will only have a limited use and will be 
used almost exclusively along the highways, so that a com 
mercial type of car would be quite suitable. During the 
war the Cadillae was used exclusively for this purpose by 
the American Army and its specifications would stand today 
as being typical of what would be required for future use. 
fmbulances. The ambulance is a peculiar type of vehicle 
in the sense that while its load consists of only four or five 
passengers, the shape of the load (the patients, oft course, 
being recumbent) necessitates almost a box-van econstructior 
for the body. Furthermore the fact that the patients have 
to be carried with great care necessitates special attention 
being paid to the springing and the comfort generally of 
these vehicles, particularly when it is realized that they 
must operate as closely as possible to the firing line and in 
all probability some distance away trom the good roads, and 
subject to shell fire. The writer feels that for this purpos 


the chassis used for passenger carrying is one which wil 





be found most desirable for this use, with a possible change 
in the direction of lengthening the wheelbase to insure better 
adaptation to the body. 

During the war there were two types of ambulances used, 
one a simple 4-patient ambulance mounted on a long-wheelbase 
Ford chassis: the other, a more elaborate one mounted on the 
14-ton G.M.C. truck. Both ambulances had their distinet use, t! 
Ford type being used close to the firing line, while ‘he G.M.C. was 
used more behind the lines from the rest stations to the base ho 
pitals. In view, however, of the limitation in number of our stand 
ing army, it is believed in the interest of concentration of equipment 


1 


that it would be advisable to have only the one ehassis used for thi 
purpose. It is felt unnecessary to go into the details of this chassis 
Passenger-Carrying Heavy Vehicles. The passenger-carrying 
heavy vehicle calls for special mention as it differs from the eargo 
earrying type. In connection with artillery work it is necessar\ 
to carry a band of men for special work. Reconnaissance also 
calls for a crew of men to go out with range finders, various binocu 
lars, instruments and tools for marking so that a proper site ea 
be selected for the placement of field guns. The vehicle for thi 
purpose must be provided not only with seats carrying the nece 
sary personnel, but also with proper compartments for carrying 
the various tools required. The vehicle for this purpose should b 
capable of traveling over rough ground and should be, as are the 
others, of sturdy construction. Another type of passenger-carrying 
vehicle is what is usually known as a staff observation car. This is 
a large car — sometimes of the omnibus type — in which as man) 
as nine or more passengers can comfortably be carried. This is 
used on oceasions when the staff, particularly in the artillery, 
wishes to make an observation run or for the purpose of visiting 
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different posts. The 1.-ton cargo-carrying chassis with pneumatic 
tires is quite suitable for this work. 

The 4 The 4 
ton pneumatie-tire trucks can be grouped together as their work 


and 14o-Ton Pneumatic Tire Trucks. and 1's 


is very similar. A high state of development was found in these 
capacities of commercial trucks from the Army standpoint, this 
being most certainly a result of the fact that both these capacities 
are used in large numbers in country districts where bridges and 
other limitations do not interfere with their use. These vehicles 
are used for carrying modern loads, the smaller size being used for 
emergency repair work, carrying emergency stores, and for final 


distribution of supphes from the main dump or from one or other 


of the advanced stations. They are also used in large numbers in 


connection with the Air Service, furnishing supplies of all kinds 


not only for the airplanes but for the personnel. Airplanes, o 
eourse, had their stations off the road in the fields, and naturally 
the lighter trucks were found necessary. 

Special attention is ealled to the use of pneumatic tires. It was 


found in trucks up to 1'.-tons capacity that pneumatic tires 
allowed running on very poor roads and over comparatively soft 
surfaces, such as a grass field, under conditions that would have 
prohibited the use of solid tires. It was also found that high speeds 
could be maintained for long periods with practically no damage 
to the vehicle. For example, a 14-ton capacity eargo truck could 
be driven at a speed of 30 m.p.h. over give-and-take roads for 
long periods. This, of course, has a tremendous value in mobility 
and also in emergency cases where supplies can be rushed forward 
Under certain conditions, such as operating over sandy roads (as 
are found in many parts of the country), these moderate-capacity 
trucks with large pneumatic tires would be practically the only 
trucks that would be of any value. 

Much discussion has ranged over the use of pneumatic tires, 


whether thev should be single or dual on the rear. European prac 
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IXPERIMENTAL Type OF TRACK-LAYING AMBULANCE USING 
roe Forp CHASSIS 


tice has been to use dual tires on the rear, the front and rear size 
wing the same, thus eliminating the necessity of carrying two 
pare tires and tending toward interchangeability. American prae- 
ice has been to use one size of tire on the front, such as for example, 
‘5 in. by 7 in. and a larger (40 in. by 8 in.) single tire on the rear. 


both cypes have worked out suceessfully during the war and it is 


l¢ 
( 


that a little longer period of development is necessary before 
decision could be arrived at as to which is likely to be the sur 
ving type, if not both. 

The 1%, Ton Solid-Tire Trucks. 
truck with solid tires can be looked upon in the Army as the maid 

all-work. Cargo of all kinds, men, supplies, food, and munitions 
ire carried on this steady-going vehicle. This is the vehicle which 
ias in motorized equipment taken the place of the standard 
mule escort in the old Quartermaster Department. Able to run at 
\6 m.p.h., of sufficiently light weight that it ean go over any 


—_ 


The 1%-ton eargo-earrying 
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average bridge, thoroughly worked out over a period of years in 


commercial life, in the Army found but little change necessary 


in adapting it tor their purposes, In the selection of one type tor 
difficult 


among a number was the best, and it is no slur on any of the types 


standardization it was found very to distinguish which 
not approved when, for various reasons not always connected with 
their technical worth, they were rejected 

Truc ‘. The 
not used during the Mexican War and it remained for the Great 


lie 3-5-Ton Carqo-Carrying 3-5-ton truck was 


War to establish its status as one of the standard velueles of the 
Army. It was around this capacity of truck that tremendous dis 


cussion raged during the early stages of the war. The Army, in 
considering the various heavy capacity trucks on the market, came 


to the conelusion that these were unsuitable for military use. he 

















Fig. 4 


ARMY RouiiInGc Kircuen ReAapy FoR Movine 


d-ton truck of commerce is used almost solely around the cities. 
Bridge and load limitations have been, of course, partially pre 
ventive of its use in outlying districts, but the big obstacle has been 
the tact that the 


industry requiring a truck of this capacity 18 


almost invariably located in the larger cities and requires this 


purely for city use. The commercial vehicle of this capacity has 
theretore been developed, consciously or unconsciously, along good 
road conditions. It was found that, in operation over poor roads, 
it had insufficient ability to proceed at a regular speed through 
heavy mud holes or heavy winter conditions. This point will of 


course be argued by those responsible for the average heavy 
capacity truck, and while it is true that such trucks could operate 
under such conditions, the penalty paid was nevertheless tre 
mendous. 

For this reason, the Government saw fit, in 1917, to design and 
develop a truck of its own, this being known variously as the 
“Liberty” truck or “B” Type truck, 
title. Fig. 1 shows this truck fully equipped for earrying cargo. It 

| t the 


industry and the Government and was put into production, ap 


the latter being its official 


was developed by the codperative efforts of the engineers « 


proximately 18,000 being manufactured to meet the demands. In 
this vehicle the special points that were required by the military use 
were built into the truck and were not added as an afterthought. 
The ability of this truck (piston displacement per 1000 Ib. moved 
1 ft.; or the torque at the rear wheels’ circumference) is approxi 
mately 50 per cent greater than that of similar capacity in com 
mercial trucks. This is more noticeable on the low or first-gear 
drive. In driving around on the various trucks, watching their 
performance under heavy conditions, one could not but be im- 
pressed with the ease with which this truck operated over extremely 
heavy going. 


This capacity of truck was developed as a larger brother to the 
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114-ton truck. 


Its military advantages were not at first seen but 
later they became obvious. Its overall length was less than 10 per 
eent greater than that of the 14-ton truck and similarly with its 
width. Carrying two or three times as much eargo as the smaller 
truck, it offered virtually the same target on the road and in con 


Voy work was almost 66 per cent less in leneth. Krom the 
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emergencies if is essential that certain supplies be carried from one 
point to another, no matter what the terrain may be like. Some 
times the conditions are so bad that men must carry the supplies 
themselves or by mules; sometimes the conditions, while severe and 
absolutely prohibitive of the use of the ordinary vehicle, will yet 
allow the use of the 


1-wheel-drive truck. With driving chains on 


all four wheels and with an extremely low-gear redue 











ARTILLERY 10-ToON TRAILER FOR TRANSPORTING TRACK-LAY 
TRACTORS, SMALL TANKS OR GUNS 





tion, every ounce of power is available for traction and the 


t-wheel-drive truck accomplishes its mission. Feats like 
these of regular daily occurrence in the Army have made 


military people, particularly in the Ordnance Department 


and Artillery Corps whose work is mostly “off-road,” 


staunch adherents of the 


t-wheel-drive truek. It must 
0 realized, however, that during this work the strain on 
the truck is enormous. Only the heaviest jobs are given 
to this type of vehicle and under these severe conditions, 


it is not ditheult to understand that the maintenance 





problem is tremendous. It is from this last viewpoint, in 


ING eomparison with the 2-wheel-drive vel icles, that the 4 
wheel-drive type has suffered, and suffered, it must be 


suid, untairly. (ver vrood or 








standpoint of what might be 
‘alled the direct labor prob- 
lem of the Army, the number 
of men required to operate 
the heavy truck was exactly 
the same as that for the 
lighter truck; thus, for given 
amount of cargo it released 
more men for the firing line 
The work of repairing, the 
number of spare parts neces- 
sary, maintenance and cost 
of running were also almost 
identical with those of the 
lighter truck and it is not 
therefore, to find 


that although this elass of 


surprising, 
truck was introduced in the 
Army at a late date, it made 
tremendous strides, outnum- 
bering any other capacity of 
truck. 
that showed itself, due to 


Another advantage 








reasonably good roads there 
is no necessity tor a 4-wheel 


drive tvpe of truck, but over 


almost impassible roads the 
1-wheel-drive truck will jus 
titv its existence. In the 


service of the Marine Corps, 
for example, where weight 
limitations are necessary and 
where the ability to go any 
where is essential, the 11% 
2-ton capacity 4-wheel-drive 
truck is standard. It should 
also be noted that the 4 
wheel-drive type ot true k 
proved its value as a tractor 
for hauling guns over roads 
where the track-laying type 
of velicle was almost pro 
hibited. 


and in the reneral haulage 


In hauling trailers 


work required, this 4-wheel 





drive type ol vehicle be 





eapacity and ability to put 
on large platforms, was that iG. 6 ORDNANCI 


this vehicle offered means of 


came a necessary part of the 


Morite Reparrk Srop equipment. 





using trucks for all kinds of work where mobility was 
essential. 

It is felt that this “B” type truck will be the standard 
heavy cargo-carrying truck for the Army. It will undergo 
normal developments with time, and, in peace conditions, 
prove itself of tremendous value in military operations. 
During war times, if there be any kind of highway system, 
it will also demonstrate its value. It is also believed that, 
with the proper organization and with the proper help 
from the Engineer Corps in improving the existing high- 
ways and bridges, it will be able to operate almost any- 
where that the army operates. 

The 4-Wheel-Drive-Tupe Truck. The 4-wheel-drive 
truck shown in Fig. 2 is that type of vehicle in which the 











driving power is conveyed to all the four wheels and in 
which the full weight of the truck is available for trae- 
tion purposes. Sometimes this type of truck steers on all 
four wheels, and sometimes only on the two front ones. 
Almost invariably, however, there is sometype of differential locking 
or partial locking device which insures power being delivered to each 
wheel, whether or not that wheel is on a slippery or hard surface. 
This type of truck is also subject to great argument; either its 
users are very strongly for it or they are very much against it - 
there seems to be very little middle ground in the diseussion. On 
analysis, the reason for this shows itself. In military work and in 


SEARCHLIGHT EQUIPMENT USED BY ENGINEERS CORPS, 
MOUNTED ON Specrat 6-TON CHASSIS 


hic. 7 


First of all, this ty] 
was developed for agricultural-tractor purposes, the idea then bein 


Track-Laying Cargo-Carrying Trucks. 


seized upon and used by the British in the design of their tank. I 
was natural that the caterpillar of track-laying type of veliec\ 
should eventually be discussed in its relation to carrying cargo ove! 
“off-road” conditions. As practically all production capacity wa 
used in the manufacture of tanks and what spare capacity there 
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was, was used for agricultural tractors it was almost impossible to 


} le «ly r ft " 
wie adurin Lilé 


develop the cargo-carrying track-laying type of ve 
war, but all indications pointed to the necessity for consideri 
the 


design verv seriously fo1 future in order lo sti further atti 
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power on to the platform of a trailer nd towed aior the roads 
ata comparatively high speed In add ( re ing ther 
is also a certain use in connection W rdinat ! carrying 
ruc] vier ul number railer e beer d advan 
tac l I ‘ ! ] r rue in ‘ r? " ) fy 

It ms Heleve if tandaral ! ) raver I I ist 
tandardizatior truce Ihe ! ler 1s ¢ ( ervene\y 
sCs and a | Kinds | CCl \ l \ ere 1 ! \ r 

i the requiremen | re ! ré el! yreven 
the standardization ot! e rul ! eul r ¢ ple, the 
truc ral tram I the ( ! nt ‘ ‘ e dratit 
ear tor towll! 

There will undoubtedly be d to wh r 2-whee 
drive ti er or 4-wheel-drive pe tral ve ad yl The 




















the ideal of perfect mobility. Small progress was made howeve 
but still enough to show that the attention of military designer 
should be directed largely to this type. For winter conditions, for 
example, this may be found necessary; and for shell-torn fields, 
otherwise impossible to traverse, a track-laying vehicle may give 
the solution of the problem of transportation. One drawback to 
its use at present is the fact that over hard roads the wear and tea 
on the veluele is greatly exaggerated and the maintenanee proble 
is very severe. There is no question, however, but that the 
mechanical problems will be solved in time An interesting app 
cation of the track-laving type of velnele is own in Fi } 

lraile? These ve icles, strictly Sspeakin ire no 
wutomotive veluele but their use is so linked w , 
the others it it is necessary to consider them 
togethe Broad their capaciti fall under the 
same head 3 ak e eargvo-carrving trucks nu 
experience is demonstrated the necessity for a mu 
heavier tvpe of trailer of the capacity of 10 tons 

Apart trom the commercial use of trailers they were 

! used by the Army as a means of getting around 
the shortage of. engine-transmission and motive-axle 
production, in other words, to furnish some means 
of transportation. It was later found that apart 
from this, they were of great value. 

Their use is indicated where extreme mobility is 
not requ red, as certain funetions of the Army can 
be carned out, not on the firing line, but at a more 
or less permanent base For « xample, advance repair I 
shops need not be as mobile as the fighting army, but 
rather sufficiently immobile so as to allow the work being done 
There should be, however, suffiqent mobility to allow of eventual! 
eatehir up with the advance forees Such equipment as smal 
repair shops, eamp kitehens (see Fig. 4), partially mobile offices, 
\-rav surgical laboratories, cranes, ete., can also be conveniently, 
mounted on trailers 

Other uses oL traiers re indicated where tor special reasons 


for example, a field gun mounts 
to traverse mile after 


fore, advisa 
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BATH, 


solution of this is again limited by lack of experience and informa 


ti | have to be digested, analyzed and the result derived 


on whieh wi 


therefrom. It would appear as if the 2-wheel tvpe of trailer will be 


of value in the smaller size and the 4-wheel tvpe in the larger size 


, 
upward 
SPECIAL TyPes 


In the military use of motor vehicles, first of all for cargo pur 


poses it became obvious to inventive minds that here was not only 


an idea which would enable functions previously carried 
* out in a slow way to be speeded up, but an idea which 
would establish new function. Special vehicles were asked 
for and were produced; mobile repair shop (see Fig. 6), 


vehicles driven from the engine of 


earrying searchlights 


the rehlieht 


truck as 
ot the 


s carried on the platform 
Fig. 


puri 


renerator, sei 


truck operated from their own 


engines (see 


laboratories, velucles for the special 


the 


7 , chem al 


cation of water supply, photographie laboratories, 


lithographie laboratories, vehicles in which the power of 


winch for the 


the engine was geared to a large maneuver- 


ing of large observation balloons or to a erane thus creat- 


(see Fic. Oo), vel icles witl integral 


X ray 


tanks and pumping equipment and heating equipment for 


ing a wrecking car 


wireless apparatus, wit! apparatus, with special 


degassing and delousing soldiers, disinfecting vehicles, laun- 
W here 


] 


dry vehicles, ete. action was necessary these thor 


oughly mobile vehicles could be brought forward at 


An 


once, 


interesting ease is that of the “degassing out- 








Fic. 8 WRECKING APPARATUS MOUNTED ON 


“B” Truck 


A Specrat Type of 


mn the trailer platform such as shown in Fig. 5 and tow it behind 


the truck. Similarly, tanks and caterpillar tractors were pro 


hibited from traveling along the French roads, due to the damage 
they were said to create, and furthermore it was found advisable, 
on account of their slow speed, to have them proceed at a much 


faster pace. They were, therefore, also driven under their own 


a 


fit,’ shown in Fig. 9. It found that the effects 


ot 


altogether 


was 


he greatly not 
to 


contact. 


mustard gas ecoulk minimized, if 


A 
prevented, treating those 
of 
The soldier would be stripped, given a hot shower, under pressure, 
lath- 


ered, then washed off; the whole operation taking about one minute. 


by exposed 


a heavy shower warm water shortly after 


for about fifteen seconds, then sprayed with liquid soap, then 


He would then receive new disinfected and deloused clothing and a 


new gas mask and be fit for immediate service again. A large tank 


(Continued on page Sv2) 





Scientific Development of the Steam Locomotive 


By JOHN E. MUHLFELD,' NEW YORK, N. Y. 


Despite the fact that marked progress has been made in the devel- 
opment of the steam locomotive, there still remains considerable 
opportunity for further improvement, and the general lines along 


which such improvement should be made form the supporting data of 


the following paper. The author first briefly outlines the factors 
involved in the determination of the tractive power of a locomotive. 
He next discusses such items as boiler feedwater, types of fuel, com- 
bustion, heat distribution, steam pressures, superheating, and steam 
generation and utilization. The acceleration and deceleration of a 
locomotive are also considered, and the paper is concluded with a 
discussion of the methods of saving fuel and labor, both of which 


should produce a higher standard of operation and economy. 


TEAM railroads, to be suecessful, must, through executive 
foresight and engineering progressiveness, respect the same 
law of additions and betterments that applies to other 

profitable industries and which demands continuous modernization 
of plant and equipment in order to effectively and economically 
meet the necessity for greater production and speed by means and 
methods that will result in the least possible artificial age being 
capitalized in the improvements when installed. 

Marked progress has been made in the development of the steam 
locomotive as the result of superior engineering ability, and the 
results have in many respects been exceedingly effective. This 
progress, however, has been contined largely to an increase in size, 
weight, evaporation capacity and hauling power, and while the 
general use of superheaters and firebox baffle walls during the past 
ten years has substantially assisted in improving sustained boiler 
capacity and increasing thermal efficiency as well as in keeping 
the steam locomotive in advance of the electric locomotive, the 
opportunity for further improvement in thermal and machine 
efficiency and to reduce smoke, cinders, gases and noise is untold. 

The desiderata in a steam locomotive may be summed up as: a 
reasonable first cost; maximum capacity for the service within 
roadway weight, curvature and clearance requirements; ability 
to handle the heaviest gross tonnage practicable at the highest 
permissible speed; positive control of mechanical operation; econ- 
omy as regards fuel and water consumption and repairs; minimum 
manual labor for road and terminal handling; construction of 
the least number of parts, and capacity to perform continuous 
mileage without failure. 

Modern types of steam locomotives fulfill quite satisfactorily 
all of these requirements with the exception of wastefulness in 
fuel, water and steam consumption as may be gathered from the 
fact that the thermal efficiencies now obtained are only from 50 
to 65 per cent at the boiler, from 60 to 75 per cent for combined 
boiler and superheater, and from 4 to 6 per cent at the drawbar. 
These as compared with thermal efficiencies of from 3 to 5 per 
cent at the drawbar of an electric locomotive, 18 to 19 per cent at 
the switchboard of a modern steam-electric central power station, 
25 to 30 per cent for internal combustion engines, and 40 to 45 per 
cent as claimed for the full range of from one-quarter to full load 
for combination internal-combustion and steam motors. 

The increase in the first cost and in the cost for labor, fuel, 
material and supplies for operation and maintenance of the steam 
locomotive has been most marked during the past ten years, par- 
ticularly since the war. It is now being operated and maintained 
by highly paid enginemen and mechanics, with high-priced ma- 
terials and supplies, and the machine and its performance must be 
brought up to a more respectable basis of engineering efficiency 
if it is to be perpetuated. 


1 Railway and Industrial Engineers, Inc. Mem.Am.Soc.M.E. 

For presentation at the Annual Meeting, New York, December 1919, of 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS. The paper is here 
printed in abstract form and advance copies of the complete paper may 
be obtained gratis upon application. All papers are subject to revision, 


The supporting data of this paper, which apply to the United 
States, present the reasons why the general improvement of the 
steam locomotive should embrace the following changes which, it 
may be opportune to here state, are now being embodied in the 
design, specification and construction of a new type of locomotive, 
the first of which it is planned to have in regular service in 1920 
on a prominent and progressive Kastern railroad : 


a Steam at a pressure of about 350 Ib. to be employed, super- 
heated to about 300 deg. fahr. 

b Improved boiler, furnace and front-end design and appliances 

ec Greater percentage of adhesive to total weight, and a lower 
factor of adhesion 

ad More efticient methods of combustion 

e Use of exhaust-steam heater and tlue-gas economizer for boiler 
feedwater 

f Better steam distribution and utilization 

g Reduced eylinder clearances and back pressure 

h Lighter and properly balanced reciprocating and revolving 
parts 

i Lower heat, frictional and wind-resistance losses 

}) Improved safety and time-, fuel- and labor-saving devices 


[At this point in the complete paper the author gives brief par- 
ticulars regarding the existing steam-locomotive stock under the 
control of the United States Railroad Administration, following 
which he quotes an opinion reported to have been expressed by 
Director General William G. McAdoo, to the effect that the great 
unused water power in the western part of this country should be 
developed for national electrification of the railroads; and after 
diseussing at length the reasons for the perpetuation of the steam 
locomotive, he points out why national electrification is neither 
practical nor desirable. After enumerating the faetors governing 
the design and specification for a new steam locomotive, he then 
takes up the problems involved in its scientific development, and 
extended extracts from this section of the paper immediately 
follow.—Ebt1Tor. | 


DrsiGN, MATERIAL AND WORKMANSHIP 


In this country the steam locomotive has not been classified as 
a refined piece of engineering mechanism, such as a marine or 
stationary steam engine, due primarily to the indifferent condi 
tions under which it has had to be operated and maintained and 
the relatively low cost for its fuel and supplies. However, with 
existing public demands for greater safety, speed, comfort, effi 
ciency and economy in the movement of traffic, ouly by greater 
refinement in construction can requisite operating results be pro 
duced to offset the increased cost of equipment, supplies and labor. 

Therefore the designing should now be done along more scien 
tific lines through the substitution of boiler, cylinder and drawbar 
horsepower and drawbar-pull calculations for tractive power; 
thermal efficiency for evaporation results; distributed for central 
ized thrusts, strains and stresses; light high-grade alloy and high- 
varbon steels and other metals for heavy low-grade plates, forg- 
ings and castings; and in the more general use of high-grade en- 
gineering practice in lieu of rule-of-thumb methods. 


ADHESIVE WeiGut, TRACTIVE POWER AND Facror oF ADHESION 


Adhesive Weight. The extended use of non-productive trailing 
wheels and the four-wheel leading truck has become an expensive 
fashion in that it has greatly reduced the percentage of total en- 
gine weight on drivers for adhesive purposes. 

Boiler design and weight distribution should be so correlated 
to the running gear as to make the use of trailer wheels unneces- 
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sary, except where required by wheel-load limitations, and with the 
more recent improvement in constant resistance leading truck 
designs any four-wheel arrangement, except for high-speed pas 
senger service, should be entirely satisfactory. 

Tractive Power 


tice is to use 85 per cent of the indicated boiler pressure in |b. per 


In caleulating tractive power the usual prae 
sq. in. for two- and three-cylinder single-expansion, and 52 per 
cent for two- and four-cylinder compound engines. However, 
for a superheated steam locomotive the use of a ligher percentage 
of the indicated boiler pressure should receive due consideration 
when making tonnage-rating schedules before the train load i 
finally determined upon, as dynamometer tests have indicated that 
as high as 92 per cent for two-cylinder single-expansion locomo 
tives is permussible for train-loading purposes. 

Factor of Adhesion. 


hesion bet ween driving wheel tires and very dry, clean rails reael es 


The coefficient of statie friction or ad 


a maximum of about 0.35, and for moist, muddy, greasy and frosty 
rails a minimum of from 0.15 to 0.20, giving factors ranging from 
2 85 to 6.05. 

In general, the factor of adhesion should be as low as prae 
ticable, in order that the maximum power will always be available 
to start trains that can be easily handled when in motion, and 
should about equal the ratio between the limiting friction in 
pounds and the weight on driving wheels in pounds, which, for 


average dry rail is from 3.5 to 4. 


URVING AND h DING 


With the increased length, higher center of gravity, extended 


front and back overhang and smaller proportion of spring borne 


weight there have been many difficulties to overcome in order to 
maintain proper tracking, curving and riding qualities in loco 
motives of great power, and in the majority of cases these have 
been met with unusually satisfactory results. 

As the reciproeating forees must be neutralized by means of a 


revolving body, which cannot produce a perfect balance, it is of 


the greatest Importance that every allowable effort be made t 
reduce the weights of pistons, crossheads and main rods and divide 
all weights as uniformly as practicable over all driving wheels, in 
order that excess balance HLA be reduced to the minimum and the 


greatest possible statie weight permitted on the driving wheels. 


BorLer FEEDWATER 


No item in the operation and maintenance of steam locomotives 
contributes to greater unnecessary cost than boiler feedwater con 
taining excessive incrusting, corrosive and foaming elements. 

Observations and experiments indicate that any seale porous to 
water has little effect on boiler eeonomy. However, such seale 
when dried out or hardened next to the metal by the expulsion of 

ie carbonie acid, as usually occurs when boilers are foreed, will 
not only become an excellent heat insulator and eause a heat loss 
of about 10 per cent when Yg in. thick, but it exposes the sheets 
and staybolts to overheating and “mud burning,” with resulting 
leakage and shopping for repairs and cleaning. 

In view of the increasing size of locomotive boilers and the high 
ratings to which they are subjected, the importance of purifying 
insuitable water to prevent incrustation, corrosion, leakage and 
burning, as well as to eliminate delays and cost for cleaning, re 
pairing and extra fuel consumed, cannot be overestimated, and 
until the many existing conditions of this kind are corrected, 
ieither the existing nor improved steam locomotives «an be ex 


pected to render satisfactory and economical service. 


301LER-FREDWATER PURIFYING 


When an adequate and suitable supply of boiler feedwater can- 
not be obtained from the usual sources, then the proper treatment 
the available unsuitable water becomes necessary by settling; 
liltration; chemical treatment in treating plants, supply tanks or 
tenders; or, in the case of suspended matter and carbonates, by 
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partial purification in a combination open and closed type of 


exhaust-steam feedwater heater on the locomotive 


FUE! 


The principal fuels now used in steam locomotives are the com 
mercial grades of bituminous and anthracite eoal and fuel oil 
While millions of tons of the by-products of anthracite and bitu 
minous coal mining are available, as vet practically no progress 
has been made in their utilization, although satisfactory means 
and methods are now developed. This applies as well as to the 
enormous deposits of sub-bituminous coal and lignite that are 
only awaiting mining operations to come into their effective and 
economical use as locomotive fuel. 

Regardless of the kind of fuel now used by steam locomotives, 
more general attention is being given to its proper preparation 
for the class of service to be performed and the method of firing 
to be followed, before it is supplied to tenders. However, the 
factors of kind and size of coal and method of firing must each be 
earefully considered and coordinated in orde r to insure the best 
results as may be shown by Table 1, which gives comparative per 
formaneces of a stoker-fired modern Mikado type ol locomotive 
vith superheater and firebrick baffle wall supported on water 
eirculating tubes. 


rABLI l COMPARATIVE TESTS Ol \ STOKER-FIRED MIKADO 
TYPE LOCOMOTIVE USING DIFFERENT SIZES AND KINDS OF COAL 


I N 1 ~ ; 
] lit itr 
l ( nd s S 
~ { i s ‘ ‘ “sr ~ 
N ea I S er 
Coal, grade ind slack Ss k ing 
4 Coal, moisture, per nt os 1.57 0.75 OS] 
Coal, volatile, per cent WAT 74 18.17 17.52 
LF Coal, fixed carbon, per cent 4 2.78 O07 70.06 
7 | Coal, a per cent S36 01 12.01 11.61 
‘ ‘ il iphur re 20 0 2 31 
’ Coal, B.tu. (Cealorimeter 13.910 13.700 13.880 123.970 
10 I In s run ar “ ) i ta4 
11 Kind of firing Stoker Stoker Stoker Stoker 
12 Pounds of coal per average 
drawbar hp-hr 74 4.10 $14 50 
13 Boiler efficiency, pet nt 16.60 11.00 13.1 00 
14 Relative pounds of coal tired 
per cent lim 111.87 110.54 130.56 
1D Relative cost of coal, per cent) 100 12.14 123.58 143.64 


It will be noted from Table 1 that while the heat value (Item 9 
of each of the four fuels tested was practically the same, there is 
a difference of over 30 per cent in the quantity fired, and of over 
13 per cent in the fuel cost for the same work done, when com 
paring the poorest with the best pertormance, and that the use 
of either grade of soft coal is absolutely prohibitive so long as 
either grade of gas coal can be obtained. 

With the cost for locomotive fuel on tenders practically Coubled 
during the past two years, and next to labor the largesi single 
item of railway operating expense, the best methods for its use 
will now begin to receive the consideration that this large item of 


operating cost justifies. 


ComBi STION 


A comparison of the figures of 65 years ago with the average 
saturated-steam-locomotive performance of today will show little 
improvement has been made in the average road service. 

The locomotive fuel bill for the year 1918 was approximately 
$750,000,000, and while full recognition is given to the fact that 
from 25 to 50 per cent of the available energy in the fuel is still 
needlessly wasted, and that present methods of mechanically fir 
ing, as compared with the average hand firing, and burning coal 
on grates or in retorts increase this waste, but little has been 
accomplished in regulating combustion so that this loss may be 
reduced. 





Scientific Development of the Steam Locomotive 


By JOHN E. MUHLFELD,' NEW YORK, N. Y. 


Despite the fact that marked progress has been made in the devel- 
opment of the steam locomotive, there still remains considerable 


opportunity for further improvement, and the general lines along 


which such improvement should be made form the supporting data of 


the following paper. The author first briefly outlines the factors 
involved in the determination of the tractive power of a locomotive. 
He next discusses such items as boiler feedwater, types of fuel, com- 
bustion, heat distribution, steam pressures, superheating, and steam 
generation and utilization. The acceleration and deceleration of a 
locomotive are also considered, and the paper is concluded with a 
discussion of the methods of saving fuel and labor, both of which 


should produce a higher standard of operation and economy. 


TEAM railroads, to be successful, must, through executive 
foresight and engineering progressiveness, respect the same 
law of additions and betterments that applies to other 

profitable industries and which demands continuous modernization 
of plant and equipment in order to effectively and economically 
meet the necessity for greater production and speed by means and 
methods that will result in the least possible artificial age being 
capitalized in the improvements when installed. 

Marked progress has been made in the development of the steam 
locomotive as the result of superior engineering ability, and the 
This 


progress, however, has been contined largely to an increase in size, 


results have in many respects been exceedingly effective. 


weight, evaporation capacity and hauling power, and while the 
general use of superheaters and firebox baftle walls during the past 
ten years has substantially assisted in improving sustained boiler 
capacity and increasing thermal efficiency as well as in keeping 
the steam locomotive in advance of the electric locomotive, the 
opportunity for further improvement in thermal and machine 
efficiency and to reduce smoke, cinders, gases and noise is untold. 

The desiderata in a steam locomotive may be summed up as: a 
reasonable first cost; maximum capacity for the service within 
roadway weight, curvature and clearance requirements; ability 
to handle the heaviest gross tonnage practicable at the highest 
permissible speed; positive control of mechanical operation ; econ- 
omy as regards fuel and water consumption and repairs; minimum 
manual labor for road and terminal handling; construction of 
the least number of parts, and capacity to perform continuous 
mileage without failure. 

Modern types of steam locomotives fulfill quite satisfactorily 
all of these requirements with the exception of wastefulness in 
fuel, water and steam consumption as may be gathered from the 
fact that the thermal efficiencies now obtained are only from 50 
to 65 per cent at the boiler, from 60 to 75 per cent for combined 
boiler and superheater, and from 4 to 6 per cent at the drawbar. 
These as compared with thermal efficiencies of from 3 to 5 per 
cent at the drawbar of an electric locomotive, 18 to 19 per cent at 
the switchboard of a modern steam-electric central power station, 
25 to 30 per cent for internal combustion engines, and 40 to 45 per 
cent as claimed for the full range of from one-quarter to full load 
for combination internal-combustion and steam motors. 

The increase in the first cost and in the cost for labor, fuel, 
material and supplies for operation and maintenance of the steam 
locomotive has been most marked during the past ten years, par- 
ticularly since the war. It is now being operated and maintained 
by highly paid enginemen and mechanics, with high-priced ma- 
terials and supplies, and the machine and its performance must be 
brought up to a more respectable basis of engineering efficiency 
if it is to be perpetuated. 


1 Railway and Industrial Engineers, Inc. Mem.Am.Soc.M.E. 

For presentation at the Annual Meeting, New York, December 1919, of 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS. The paper is here 
printed in abstract form and advance copies of the complete paper may 
be obtained gratis upon application. All papers are subject to revision. 


The supporting data of this paper, which apply to the United 
States, present the reasons why the general improvement of the 
steam locomotive should embrace the following changes which, it 
may be opportune to here state, are now being embodied in the 
design, specification and construction of a new type of locomotive, 
the first of which it is planned to have in regular service in 1920 
on a prominent and progressive Mastern railroad : 


a Steam at a pressure of about 350 Ib. to be employed, super- 
heated to about 300 deg. fahr. 

b Improved boiler, furnace and front-end design and appliances 

ec Greater percentage of adhesive to total weight, and a lower 
factor of adhesion 

d More efticient methods of combustion 

e Use of exhaust-steam heater and flue-gas economizer for boiler 
feedwater 

f Better steam distribution and utilization 

g Reduced cylinder clearances and back pressure 

h Lighter and properly balanced reciprocating and revolving 
parts 

i Lower heat, frictional and wind-resistance losses 

j Improved safety and time-, fuel- and labor-saving devices 


[At this point in the complete paper the author gives brief par- 
ticulars regarding the existing steam-locomotive stock under the 
control of the United States Railroad Administration, following 
which he quotes an opinion reported to have been expressed by 
Director General William G. MeAdoo, to the effect that the great 
unused water power in the western part of this country should be 
and after 
discussing at length the reasons for the perpetuation of the steam 
locomotive, he points out why national eleetrifieation 
practical nor desirable. 


developed for national electrification of the railroads; 


is neither 
After enumerating the faetors governing 
the design and specification for a new steam locomotive, he then 
takes up the problems involved in its scientifie development, and 
extended extracts from this section of the paper immediately 
follow.—EbITor. | 


DESIGN, MATERIAL AND WORKMANSHIP 


In this country the steam locomotive has not been classified as 
a refined piece of engineering mechanism, such as a marine or 
stationary steam engine, due primarily to the indifferent condi 
tions under which it has had to be operated and maintained and 
the relatively low cost for its fuel and supplies. However, with 
existing public demands for greater safety, speed, comfort, effi 
ciency and economy in the movement of traffic, only by greater 
refinement in construction can requisite operating results be pro 
duced to offset the increased cost of equipment, supplies and labor 

Therefore the designing should now be done along more scien 
tific lines through the substitution of boiler, cylinder and drawbar 
horsepower and drawbar-pull calculations for tractive power; 
thermal efficiency for evaporation results; distributed for central 
ized thrusts, strains and stresses; light high-grade alloy and high- 
carbon steels and other metals for heavy low-grade plates, forg 
ings and castings; and in the more general use of high-grade en- 
gineering practice in lieu of rule-of-thumb methods. 


ADHESIVE WEIGHT, TRACTIVE PowEeR AND Factor OF ADHESION 
Adhesive Weight. The extended use of non-productive trailing 
wheels and the four-wheel leading truck has become an expensive 
fashion in that it has greatly reduced the percentage of total en- 
gine weight on drivers for adhesive purposes. 

Boiler design and weight distribution should be so correlated 
to the running gear as to make the use of trailer wheels unneces- 
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sary, except where required by wheel-load limitations, and with the 


more recent improvement in constant resistance leading truck 


designs any four-wheel arrangement, except for high-speed pas 


senger service, should be entirely satisfactory. 
Power. 


Tractive In caleulating tractive power the usual prae 


tice is to use 85 per cent of the indicated boiler pressure in |b. per 
sq. in. for two and three evlinder single expansion, and 52 per 
cent for two- and four-cylinder compound engines. However, 


for a superheated-steam locomotive the use of a higher percentage 
of the indicated boiler pressure should receive due consideration 
load ! 


indicated that 


when making tonnage-rating schedules before the train 
finally determined upon, as dynamometer tests have 
as high as 92 per cent for two-cylinder single-expansion locomo 
tives is permissible for train-loading purposes. 

actor of Adhesion. The 


hesion between driving wheel tires and very dry, clean rails reaches 


eoetlicient of static frmetion or ad 


a maximum of about 0.35, and for moist, muddy, greasy and frosty 


rails a minimum of from 0.15 to 0.20, giving factors ranging from 
2 85 to 6.05. 
In reneral, the tactor of adhesion should be us low AS prac 


ticable, in order that the maximum power will alwavs be available 


to start trains that ean be easily handled when in motion, and 
should about equal the ratio between the limiting friction in 
weight on driving wheels in pounds, which, for 


3.5 to 4. 


pounds and the 


average dry rail is from 


PRACKING, CURVING AND RIDING 


With the 


front and back overhang and smaller proportion of spring-borne 


increased length, higher center of gravity, extended 
weight there have been many difficulties to overcome in order to 
maintain proper tracking, curving and riding qualities in loco 
motives of great power, and in the majority of eases these have 
been met with unusually satisfactory results. 

As the reciprocating forees must be neutralized by means of a 
revolving body, which cannot produce a perfect balance, it is of 
the greatest importance that every allowable effort be made to 
reduce the weights of pistons, crossheads and main rods and divide 


all weights as uniformly as practicable over all driving wheels, in 


order that excess balance may be reduced to the minimum and the 


greatest possible static weight permitted on the driving wheels 


BorLer FEEDWATER 


No item in the operation and maintenance of steam locomotives 
contributes to greater unnecessary cost than boiler feedwater con 
taining excessive inerusting, corrosive and foaming elements. 

Observations and experiments indicate that any scale porous to 
water has little effect on boiler economy. However, such scale 
when dried out or hardened next to the metal by the expulsion of 

ie earbonie aeid, as usually occurs when boilers are forced, will 
not only become an excellent heat insulator and cause a heat loss 
of about 10 per cent when Yg in. thick, but it exposes the sheets 
and staybolts to overheating and “mud burning,” with resulting 
leakage and shopping for repairs and cleaning. 

In view of the increasing size of locomotive boilers and the high 
ratings to which they are subjected, the importance of purifying 
unsuitable water to prevent inerustation, corrosion, leakage and 
burning, as well as to eliminate delays and cost for cleaning, re 
airing and extra be overestimated, and 


until the kind 


neither the existing nor improved steam locomotives ean be ex 


fuel consumed, eannot 


many existing conditions of this are corrected, 


pected to render satisfactory and economical service. 


BorLer-FEEDWATER PURIFYING 


When an adequate and suitable supply of boiler feedwater can 
not be obtained from the usual sourees, then the proper treatment 


tenders; or, in the case of suspended matter and carbonates, by 
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the available unsuitable water becomes necessary by settling; 
tration; chemical treatment in treating plants, supply tanks or 
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partial purification in a combination open and closed type of 


exhaust steam feedwater heater on the locomotive. 


The principal fuels now used in steam locomotives are the 


eom 
mercial grades of bituminous and anthracite coal and fuel oil 
While millions of tons of the by-products of anthracite and bitu 
minous coal mining are available, as yet practically no progress 
has been made in their utilization, although satisfactory mean 
and methods are now developed. TI IS apPpPhes aS Well a to the 


enormous deposits of sub-bituminous coal and lignite that are 


only awaiting mining operations to come into their effective and 
economical use as locomotive fuel. 
the kind of 


more general attention 1s 


Regardless of fuel now used by steam locomotives, 


being given to its proper preparation 


for the class of service to be performed and the method of firing 


to he followed, betore it 18 supplied to tenders. However, the 
factors of kind and size of coal and method of firing must each be 
carefully considered and coordinated in order to insure the best 


Table & 
formanees of a stoker-fired modern Mikado type of 


results as may be shown by which gives comparative per 


locomotive 
with superheater and firebrick baffle 


wall supported on water 


eirculating tubes. 


rABLE 1 COMPARATIVE TESTS O1 \ STOKER-FIRED MIKADO 
PYPE LOCOMOTIVE USING DIFFERENT SIZES AND KINDS OF COAL 
| Pest Ne 1 2 { 
I I Bitu 
l ‘ kind n I is t s 
o ‘ il las ( ‘ ss S ~ t 
N ‘ I s el 
Coal, grade I slack s k ing 
' ( moistur per nt 1.2 157 0.81 
( il, v iti per ce 6.47 re | 18.17 17.52 
‘ Coa fixed carbon, per o4 2.78 HOT 70.06 
7 ( l, ash, per nt S36 1 12.01 11.61 
‘ ( ] 1 hur, per I 2.59 “ 2 1 
’ Coal, I (calorimeter 3.010 13.790 13,880 13.970 
1 Total mi run on D 0 Oo 
11 Kind rir Stol Stok Stoker Stoker 
12 Pounds of coal per iverage 
drawbar hp-hr 3.74 4.10 114 1.80 
13 Boiler efficiency, per cent 165.60 11.90 15.10 8.00 
14 Relative ounds of coal tired 
per cent Li 111.87 110.54 130.56 
1) Relative cost of coal, per cent Li 192.14 i2 S 143.64 


It will be noted from Table 1 that while the heat value 
of each of the four fuels tested was practically the same, t 
a difference of over 30 per cent in the quantity fired, and of over 
13 per cent in the fuel cost for the same work done, when com 
paring the poorest with the best performance, and that the use 
of either grade of soft coal is absolutely prohibitive so long as 
either grade of gas coal can be obtained. 

With the cost for locomotive fuel on tenders practically Coubled 
single 


during the past two years, and next to labor the larges 


item of railway operating expense, the best methods for its use 


will now begin to receive the consideration that this large item of 


operating cost justifies. 


ComBt STION 


A comparison of the figures of 65 years ago with the average 
saturated-steam-locomotive performance of today will show little 
improvement has been made in the average road service. 

The locomotive fuel bill for the year 1918 was approximately 
$750,000,000, and while full recognition is given to the fact that 
from 25 to 50 per cent of the available energy in the fuel is still 
needlessly wasted, and that present methods of mechanically fir 
ing, as compared with the average hand firing, and burning coal 
retorts but little 
accomplished in regulating combustion so that this loss may be 


reduced. 


on grates or in increase this waste, has been 
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The combustion rate generally follows the increase in draft until 
100 Ib. of 
are burned per square foot of grate area. 


bituminous and about 50 Ib. of anthracite coal 
After this the addi 
tional coal supphed is not effectively consumed, due to the ditt 
the 


about 


eulty in supplying sufficient air, equally distributed, through 
grates and fuel bed to oxidize the fixed carbon and volatile matter 


in process ol combustion without a large excess of air, such as 


obtains when forcing takes place, and it becomes necessary to 


open the fire door so that combustion can be completed by the 
admission of air above the fuel bed. 
The greatest loss in heat is that due to the heat carried off in the 


stack gases, sparks and cinders, which usually results in a smoke 
box temperature of from 500 to 750 dee. talir. for the best prae 
Adding to this the heat h, 


vapors of combustion, carbon monoxide and otherwise, leaves an 


tice, losses due to combustible in as 
average of from 25 to 40 per cent of the heat in the fuel as fired 
unabsorbed by the boiler and superheater. 

With the 


averaging 14,400 B.t.u. and 60 per cent fixed carbon, 32 per cent 


best hand firing, when using dry bituminous coal 


volatile and $ per cent ash, the fuel rates in Table 2 will usually 


obtain: 


TABLE 2 CONSUMPTION OF DRY BITUMINOUS COAL BY 
LOCOMOTIVE WITH BEST HAND FIRING 
rotal indicated horsepower of I : . 
locomotive ry coal pet p-hr 
I mh 
500 o.0 
70 y a | 
1,000 26 
1,250 2.5 
Low °.6 
1,750 -.8 
2 O00 nw 
2.2.00 5 es 
2 700 ot 


As compared with hand firing, stoker firing will result in an 
inerease of from 10 to 25 per cent in the fuel fired, while if the 
same coal be pulverized and burned in suspension there will be 
a decrease of from 15 to 25 per cent in the amount of fuel fired. 

As the locomotive firebox, which in the best practice represents 
only from 7 to 10 per cent of the total boiler evaporating surface, 
must generate all and absorb from 30 to 40 per cent of the heat 
energy that is converted into drawbar horsepower, the fuel effee 
tively consumed, not fired, is the measure of work done. Therefore 
the largest permissible combination of firebox and combustion 
chamber volume, heating surface and grate area should be pro- 
vided and equipped with an arrangement of firebrick baftle walls 
placed on water-cireulating supports in a manner to produce long 
flame travel, high firebox temperature and the maximum radiant 
heat for absorption by the surrounding water. 

With the usual limitations in firebox volume, too mueh impor 
tance cannot be placed on the arrangement of heat-absorbing and 
radiating walls for the purpose of flame and radiant-heat propa- 
gation. Carefully conducted tests have shown that the best results 
are obtained from solid firebrick baffle walls, and that the unburned 
gas, coal-dust, spark, cinder and smoke losses are reduced wit!i 
an increase in their length and gas-passage arrangement. 

The greatest difficulty in controlling combustion oceurs at high 
horsepowers and long eut-offs, and where grates are used, and for 
the best results the air openings should be equal to about 50 per 
cent and those in the ashpans to about 15 per cent of the total grate 
area, so that firebox temperatures of from 2000 to 2500 deg. fal. 
ean be obtained and the unburned solid fuel, carbon monoxide and 
excess air over the fuel bed reduced to a minimum. 

As with dry pulverized coal of 12,430 B.t.u. value, an average 
boiler efficiency of 69.2 per cent at 1080 boiler hp., and an average 
combined boiler and superheater efficieney of 78.1 per cent at 1220 
boiler hp., with an equivalent evaporation averaging 42,100 Ib. 
of water per hour from and at 212 deg. fahr., has already been 
obtained on a Mikado simple-cylinder type of locomotive hauling 
fast freight trains over a 113-mile division, the possibilities for 
reducing the steam-locomotive fuel consumption are practically 
unlimited, and much remains to be done in this direction by good 
hand firing, through a combination of the fireman’s eyes, brain 
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and brawn, provided the thermal efliciency of the modern loco 
motive at the drawbar is brought up to where it ean and should be 


BorLerR-WaATER CIRCULATION 


In designing a boiler it is extremely desirable to secure the 
most rapid eirculation practicable, as with high combustion rates 


and temperatures and the abnormal state and behavior of the 


water film in contact with the heating surfaces, the load on the 


firebox sheets 1s very intense, the conduction rate averaging trom 


75,000 to 100,000 B.t.u. per sq. ft. of evaporating surface per hour. 


Therefore, in order to avoid resistance to heat transter, with 
resultant overheating of metal and reduced efficiency, a relatively 
high velocity of circulation and at least a rate of 125 ft. per min 
in the most sluggish locality Is very essential. 

The average locomotive boiler does not present ideal water 
circulation possibilities, but the enlarging of contracted spaces, 


increasing of water-leg, flue and tube clearances, and provision of 


] 


suitable outlets from choked water pockets will not only reduce 


the resistance to the “slip” of the steam bubbles through the water, 


but will enable the accelerated action of the former to increase the 


velocity of the latter and thereby improve general circulation and 


heat transfer results. 


Heat RapIATion, CONVECTION, AND CONDUCTION 


lleat Radiation. In a locomotive boiler the etliqeney of com 


bustion heat transfer through the firebox plates and boiler flues 


and tubes is from 20 to 25 per cent greater as applying to those 


heating surfaces directly affected when subjected to the radiant 


effect of the ineandescent combustible and non-combustible par 


ticles which have passed through the minimum distance, than the 
heat-transfer efficiency when convection only is available. For 


example, when coal is hand or stoker fired and burned on grates 
retorts the radiant heat 1s at 


or in a minimum and applies only 


the 


} 


to the heat-absorbing surfaces adjacent to the fire bed, while 
heat of 


burned in pulverized form in suspension t] 


convection is at a maximum; whereas when the coal is 


is condition is reversed 
The locomotive boiler of the future will undoubtedly depend more 


F rgely on radiant heat. 


With respect to the loss of power through radiation to tl 


atmosphere, there is sufficient justification for completely and 
properly lagging the boiler, firebox, evlinders and heads, steam 
chests and all other radiating surfaces, as well as for polishing 
certain machinery parts, in order to reduce the dissipation of heat 


that now takes place through these parts from the existing stean 
pressures and superheat. 
lleat Convection. 


greatest proportion of 


In the present locomotive beiler by far the 
the heat is imparted to the evaporating and 
superheater surfaces by convection. 

To secure the fullest benefit from heat convection the eombustior 
to establish a 


volumes and gas areas must be so eodrdinated as 


“velocity pressure” or “ frictional” action between the gases and 
the heat-absorbing plates and tubes in order to increase the rate 
of heat the 


expedited in order to quickly disengage and release the stean 


transmission. Likewise must boiler ecireulation be 
bubbles from the water side of the same plates and tubes in the 
final heat transfer. 

The possibilities for improving heat transmission by convectior 
in the locomotive boiler, with its high water rate, i.e., a boiler 
horsepower for an average of less than 2 sq. ft. of total evapora 
ting surface, fully justifies additional study. 

ITeat Conduction. 


high temperature to another body of low temperature by contact 


The transmission of heat from one body of 


or from one part of a body to another part, is termed externa 
and internal conduction, respectively. 

Any increase in the rate of external conduetivity, considering 
the present kinds and thicknesses of firebox, flue and tube mate 
rials as practically fixed, must be through an inerease in the rate 
of flow of the heated gases, and this in turn means the expenditure 
of a greater amount of energy to pull these gases through the boiler 

While there is no difficulty in now obtaining a boiler horsepower 
from each 11% to 2 sq. ft. of total evaporating surface, whatever 
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further lmprovement can be made in this direction will provide 


just that much more margin of boiler over eylinade r horsepower 


requirements and produce a corresponding rain in eiheieney, 
STEAM GENERATION 

In preset ocomotive operation the quality o ‘ eal i. 
the percentage of ipor in a mixture of vapor and ! one 
of the mo important and least-referred-to factors in road ané 
labora ! ( repo! particularly a Lhe average moder? 
motive borer 1 notoriou for delivering tLurated te ( 
superheater or to the eam pipes with a high perce: f er 
trained 1 | ire 

Road te rece! conducted on modern M tye 
nit ( ed an er e quality of from 94.7 to 96.3 per cent 
for the saturated steam as delivered to the superheater, indicating 
Iror Dd te 4.4 er cel OL momsture, wine! aluetle »> Tar a 
its power tor doing work is concerned, but whik reatly inerease 
the work to be performed by the superheater by throwin ipon it 
work whi hould properly be done in the boiler 

The de iveryv of dry saturated steam trom the borler n item 
that | been riven but little eonsidks ration I eal motive 
practice, the principal idea having been to produ evaporating 
eanin and depend upon the superheater to pertorm auniliar 
boiler netions Mar ( neves cul ind adh cle 
prove tl eondition 

» PRESSUI IN 

One of the reatest and simplest improveme bye le uw 
the ste LOocomeo e can be effected Ihy n mere ‘ ! ty er 
pressure in combi ion wit! reater quant d better qu 
of saturated-st« production er and more ur T iperheat, 
and cr | I ! 

The writer advocated eam pre rr DO Tb. a (2 eC} 
“ the Canadian Governme Railw na ‘ 
use of 255 Ib. boiler pressure in combi: n Ww 2] boilet 
tubes i > 1 e Baltimore and © » thair dM ( rticu 
lated « Our 7 e No. 2400. excell ‘ , 
bo in oper I ind niey nee rhelh I ( 
when ( enera endene was to reduce 1 el ! ere ( 
locom ‘ team pre re rom an ¢ ) ed ! ee an 
200 Ih 

Durir recent veat itionaryv-boiler « nee! eC} ol 
determines mn them ¢ clency, but ( naugurated the ( 
or re ‘ I eam pressures, and w ‘ rgent neces 
lor kee the eviinders as sma In diameter nd the ree l 
ting and re ving parts as light as practicable, there would appeag 
to be no good reason for not now utilizing saturated steam of 
390 Ib. pressure, which, in combination with 300 de fahr. o 
superheat should provide, in addition to the many other advat 


tages, a much greater Opportunity for economy in 
tion. 

STEAM SUPERHEATING 
The 


stained hauling power, 


use of superheated steam has done more to 


fuel 


any ot the other 


Inerease sus 


reduce and umption and 


eon 


increase thermal eflicieney than means and met! 
ods that have been renerally adopted on e steam locomotive since 


ts introduction, either singly or in comb nation. 


With the average superheat now used, from 175 to 250 dee. fahr 


the drawbar pull at a speed of 20 miles per hour is inereased 


about 15 per cent, and at 50 miles per hour about 40 per cent, and 
due to the combination of superheat, larger diameter of eylinders 
and reduced eylinder back pressure—resulting f 
superheated steam 


from the use o 


it is possible to increase train tonnage about 
30 per cent at speeds of about 30 miles per hour. 

In the best existing steam-locomotive practice the superheat 
generally increases with the eut-off up to 50 per cent cut-off, be 
yond which there is usually a falling off in the superheat. Fur- 
thermore, with short cut-off a fair water rate, i.e., about 19 Ib. 
per i.hp., can be maintained, but if the cut-off at the same speed 
iS Increased to over 50 per cent the superheat must be increased 
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to about 300 de rah n order to n ntain thie ime water rate 
or otherwise, lor example, at 67 per cent cut-off, t team con 
sumption will inerease to 21 Ib. or more pet lor the 
re on that ( inn I ‘ erheat nere r ! e ot 
empera re in the ¢« naer dur thie ! ( ) ( I is 
(it rea ed i! \ Cle! erie ( ( i 
ture cease ¢ re 
\\ e the inet ed superlhe r ! er O 
Bs heing ex ed from the « nder 
ate ? ré rm ¢ | ty ‘ or 
pel roke ( e fewer B ( r per 
-_s on é ‘ 
r e0 erheated ‘ t 
a) er Cel ( f er ¢ ) Y Ty ’ na 
, ' 10) ) er cent ( 
depend ! ( eC! 
exist r hye iperheater ro ‘ 
ee] XI mn econo? more desirable eC! ‘ ‘ 
vorking under erage condi ! eCO! ‘ ‘ er 
thre iperheater should give near ( ck 
ree oft hig! iperheat under a eond ! re rate 
( the boiler ¢« oration, For « ! rte e ae e¢ erheat 
obt navle eed ot oU mile el rw 50) ner cer e ott 
‘ d be obtained at 25 per cent « a er rate of « ler 
bly I n 15 Ib. could be obtained as compared v xisting 
" ‘ ‘ ily 1g Ih Therefore thy , , , . , 
ili? ) er ¢ e modern superheated-stear eomotive t he 
capacity of the boiler to produce continu iftic t dr 
rated ste pressure and of thy erheater ! ! ! 
Lt unifor rH} cle ree ot superhea ‘ ) it) roviu 
perature nd better u zation ¢ nd ste he in 
eombir or wit rads ‘ ! ‘ i? e «fs ? na ir? el 
‘ ( b eT ind Iperheater equ el nad ? es t | i! 
rate , ner “ < erens ind ¢ ! I ‘ particu 
? ‘ ‘ rorey ‘ ve ? ? ( r ? ] ey ‘ Lue 
! er ar do te worl in ‘ er locomotive yf e 
ime gener «le ! nd equipment. 
While the iperheater is generally been considered art 
( ‘ ’ Cr marticulariv as re rads its @\ ration of ¢ rained 
! ire n the saturated stean {t has no re lO! i ever 
ereto in so far its individual functioning is concerned. and the 
nore that the saturated-steam-condueting and superheated-steam 
aenvering ¢ nd ts, as well as the Superneater equipment ’ itealf 
can be divorced from the boiler and front-end connect ons and 
eir proper Tunctions, without introducing separately fired an 
paratus, the better will be the general results from the tandpoint 
ol ethereney, maintenance, operation and economy of the loeo 
motive as a whole. 
The steam temperature should be uniform for the riable 
speeds and capacities of operation, At the present time rh tem 


peratures obtain only at hich speeds and e¢anpacities 


temperature of 650 deg. fahr. quickly after starting. d of 700 
deg. at maximum power and speed. would be much more effective 
and eeonomieal. 
STEAM DIstrR1 O | ON 
Modern types ot locomotives have developed at low needs 


S000 Lt}. and at hig speeds 3200 1.1 Dp.. and comparative average 


rARBLI COMPAR 


USING 


ATIVE WATER RATES O} 
SATURATED AND SUPERHI 


LOCOMOTIVES 
ATED STEAM 


WHEN 


(Cylinders Stear Wate rate per ihp-hr.. Tb. 
Single-expansion Superheated 16 to 20 
Single-expansion Saturated 24 to 29 
Double-expansion Superheated 15 to 18 
Double-expansion Saturated 19 


water rates through the complete range of the effective capacity 
of the locomotive, with piston speeds of from 600 to 1000 ft. per 


min., have been obtained as shown in Table 3. 
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At piston speeds of less than 600 ft. per min. the water rate of 
the double-expansion saturated-steam locomotive will approxi- 
mate that of the single-expansion superheated-steam locomotive. 
With the exception of the Mallet articulated 
type of compounding, the multiple-expansion system of steam 
utilization, which has been so suecessful in marine and stationary 
practice, has not made the progress in this country that it has 
in Europe. 


Compounding. 


The failure of various types of cross, four-cylinder, four-cyl- 
inder balanced and tandem double-expansion locomotives, intro- 
duced from 25 to 15 years ago, to produce the predicted economy 
was due largely to factors of indifferent design, low boiler pres- 
sure, excessive condensation, lack of proper maintenance and 
operation, cheap fuel and road failures. 
also restricted the size and arrangement of the low-pressure eyl- 


Clearanee limitations 


inders, while at the same time the single-expansion cylinder super- 
heated-steam locomotives gave opportunity for greater hauling 
capacity and economy. 

There is no doubt but that a properly designed superheated 
cross-compound locomotive embodies many advantageous features, 
such as greater starting and hauling capacity per unit of weight, 
less evaporating surface per indicated horsepower, reduced fuel 
and water consumption and less boiler repairs, and that it will 
return to favor for freight service in combination with higher 
boiler pressures and superheat, due to the necessity for greater 
drawbar pull and horsepower and for utilizing all superheat be- 
fore its final exhaust. 

Valve-Motion The Stephenson valve gear, through its 
variable lead for different points of cut-off, gives one of the best 
and most flexible steam distributions for locomotives. However, 
its undesirable and inaccessible location between frames and driv- 
ing wheels and heavy revolving and suspended reciprocating wear- 
ing parts caused the writer, in 1903, to introduce the Walschaerts 
valve gear, a Belgian invention, in connection with the design of 
the Baltimore and Ohio Railroad Mallet articulated compound 
No. 2400. 

The Walschaerts, as well as other outside valve gears now gen- 
erally used, has the disadvantages of a constant lead and of being 
affected by the vertical displacement of the axle. By eliminating 
these disadvantages, however, and adding certain improvements 
for the purpose of increasing the ratio of expansion and shorten- 
ing the ratio of compression, the tractive effort can be increased 
at lease 10 per cent at all points of cut-off and*the fuel con- 
sumption reduced 5 per cent through ability to develop the same 
drawbar pull with a shorter cut-off. 


Gear. 


Such a change will add 
greatly to the efficiency of the steam locomotive, particularly when 
it is reealled that the average inside or outside valve gear slightly 
out of adjustment represents considerable loss in hauling power 
and in fuel economy. Tests made show that valves out of adjust- 
ment are responsible for from 8 to 21 per cent increase in fuel 
consuinption per ton-mile as compared with valves properly set. 
Where compound eylinders are used a steam-expansion regu- 
lator should be incorporated with the motion gear to effect the 
automatie independent adjustment of the cut-off for each of the 
high- and low-pressure cylinders for the purpose of obtaining 
certain cylinder ratios and at the same time bring the cut-offs 
in harmony at the center of the quadrant. In this way a com- 
pound locomotive of the Mallet articulated type can be made to 
develop at least 55 per cent of its rated tractive power at a speed 
of from 8 to 10 miles per hour, when operating at 25 miles per 
hour, and there will be a gain in tractive power of about 15 per 
cent at 25, and of about 10 per cent at 30 miles per hour. 
Cylinder Clearance. The inauguration of the use of the inside- 
admission piston valve and of superheated steam has brought with 
it the wasteful effects of larger cylinder clearance, due principally 
to the use of a valve of too large diameter and an indifferent design 
of valve chest and ports in combination with the cylinder castings. 
The use of smaller-diameter piston valves located close to the 
eylinder and connected with properly designed expanding steam 
ports will, in combination with improved material and workman- 
ship, correct these generally existing deficiencies. 
Cylinder Back Pressure. About 75 per cent of the cylinder back 


THe JOURNAL 
Am. Soc. M. E. 


ENGINEERING 
pressure is due to the use of the exhaust steam to produce draft 
for combustion, evaporation and superheat. 

Much remains to be done in the way of enlarging exhaust-steam 
openings from the eylinder to the atmosphere and in reducing 
existing sharp turns, cramped passages and obstructions to the 
free passage of steam through them; and also in the development 
of an exhaust stand and nozzle that will combine the advantages 
of the single and double types. 

Valves and Cylinders. 

with 


Various tests on and many years’ expe 
rience inside-admission piston valves have demonstrated 
through the better use of steam and the resulting reduction of 
jerking, pulling and stresses on valve stem and gear, unbalanced 
pressure, frictional contact, valve and bushing wear, leakage, and 
lubrication, the practical advantages of a minimum diameter and 
weight of valve with the circumference no greater than the length 
of a slide-valve port and with every inch of bushing port made 
effective and designed in conformity with the well-known princi 
ples governing the flow of gases so as to eliminate eddies and 
baffling in the steam flow between valve and cylinder. 

Piston Speeds. Frequent errors have been made in not properly 
proportioning the driver-wheel diameter and stroke of the piston. 
Slow speed and high ratios of expansion are factors particularly 
favorable to superheated steam and piston speeds of from 700 
to 1000 ft. per min. will insure the best results. 

Waste-Heat Distrinution anp UTILiIzaTIoNn 

As a reasonable estimate would show that 40 per cent of the 
heat in the steam and in the products of combustion is exhausted 
from the stack, any considerable part of this heat that can be re- 
claimed for preheating boiler feedwater will add greatly to the 
overall efficiency of the locomotive and to the saving in fuel. 

The principal means through which to aecomplish this saving, 
in a practical way, are exhaust-steam heaters and flue-gas econ- 
omizers, both of which ean be readily adapted to a modern steam 
locomotive. 

Tl eaters. 
types of heaters made on modern superheated-steam locomotives. 


Exhaust-Steam From actual service tests of closed 
using a portion of the main-engine exhaust steam only, it has 
been found that a feedwater temperature approximating 240 deg. 
fahr., or within 15 deg. of the exhaust-steam temperature, can be 
obtained without interfering with the draft required for maximum 
steam and superheat generation. 

Flue-Gas Economizers. An economizer will heat the feedwater 
to a higher temperature than an exhaust-steam heater and will 
recover most of the waste heat resulting from high steam pressure 
and high superheat, as it is able to recover low-temperature heat 
that has escaped from the boiler evaporating or superheater sur- 
faces because the average temperature of the feedwater within the 
economizer — which should, if practicable, be brought up to the 
boiler evaporating temperature — is much lower than the temper 
ature of the water in the boiler. 

As locomotive-smokebox superheaters, now obsolete, have dem- 
onstrated that 50 deg. of superheat may be obtained from flue 
gases at 600 deg. fahr., there should be no difficulty in devising a 
locomotive economizer that will produce very effective results 
in combination with high boiler pressures, superheat and draft, 
without baffling the boiler draft and evaporating capacity. In fact, 
with an average boiler efficiency of 60 per cent and an economizer 
efficiency of 50 per cent the possibility of recovering from 25 to 
50 per cent of the stack-gas losses and inereasing the thermal 
efficiency of the entire unit, is within the limits of possibility. 


FRICTION AND RESISTANCE 


Friction. The only form of useful friction to which the steam 
locomotive is subject is that which oceurs between the driving 
wheels and rails for adhesive purposes. All other friction due to 
oscillation, concussion, rolling, wheel flanges and treads, journals, 
evlinders, valves, valve gear, crossheads, center and side bearings, 
coupled side play and the like, absorbs a considerable percentage 
of the power developed by the steam. 
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During the past ten years the increased rigid wheelbase and 
axle loads, greater lateral rigidity, larger cylinders, valves and re 
volving and sliding bearings, substitution of grease for oil lubriea 
tion, and greater number of frictional parts have tended to increase 
the machine friction and consequently the horsepower, drawbar 


pull, and steam and fuel losses, all of which are tactors that s! ould 


receive proper consideration in new designs. 


Resistance. Other than the resistances resulting from machine 


friction, the locomotive is subject to those due to grades, curves, 


weather, wind and head air, which latter is more particularly 


affected by the general design. 
While the complicated design of a steam locomotive, partie ularly 
the 


as regards application of its aceessories, makes the use of 


relatively smooth outside surfaces generally impracticable, still 


much has been done along this line on some of the European rail 


roads that can be adopted by us to good advantage 


ACCELERATION 


In a steam locomotive the effeets of inertia are distributed 
throughout the machine, due to the variable speed and action of the 
locomotive as a whole as well as of its reeiproeating and revolving 


parts, and in order to indicate the force necessary to overcome thn 


inertia and 


produce a particular speed in a given time, per ton o 
2000 Ib. of eneimme and tender, exclusive of the resistance due 
to grade, curvature and friction, the data in able 4+ ma ee « 
interest 
PABLE 4 FORCE REQUIRED IN LOCOMOTIVE ACCELERATIO 
an ont te os \ y I 7 
, - l werd ‘ a 
! r a 1 1 ! 
nD oo 16 
oa “wo ” 
min) er 1s 
10 ao ti4 
4) oo xO) 
oo oo OG 
70 te 1 
en oo 128 


resistance increases and the drawbar pull of t 


locomotive decreases due to speed, acceleration rapidly 


diminishing quantit. Therefore in order to expedite train move 


ment locomotives should be designed and adjusted 
i = 


“al 
ed so us to 


if the highest possible rate of acceleration in the shortest distance 
ifter startu in order that the maximum desired running speed 
an be reached in the minimum of time during which the greatest 


Vaporating capacity of the boiler is availabte. 


lhe 
iniversally produced by brake shoes brought against the treads of 


the 


deceleration or retardation of a steam locomotive is 


now 


the driving and truck wheels by various means, ideal method 
ving where the maximum stopping effort is at all times under the 
positive control of the engineer. While the reversing of the engine 
vith or without the use of steam effects varied degrees of stopping 
power without the use of brake shoes, this method is generally too 
ow and eumbersome for present-day requirements. 

With the best existing air-brake practice a Pacifie-type passenger 
about 90 tons 


from 200 to 220 tons total 


ocomotive weighing on S80-in.-diameter driving 


vheels and for engine and tender in 
orking order, will, when braked to from 110 to 90 per cent of 
e total weight, make stops on straight level track under good rail 
mnditions, from a speed of 60 miles per hour, in distanees of from 
200 to 1600 ft., and in from 25 to 30 see.. respectively, whereas 
rom a speed of 30 miles per hour, under otherwise identical con 
tions, stops ean be made in distances of from 275 to 325 ft., in 
When braked at 150 per cent the 
opping distance from a speed of 60 miles per hour ean be 
reduced to about 1000 ft. 


from 12 to 13 see., respectively. 


Deceleration is as much a factor in expediting train movement 
acceleration, particularly with long and heavy trains and grades, 
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and improved brake-shoe design, material, flexibility and bearing 


area in combination with clasp types of brakes for all wheels 


would do much toward providing greater stopping control over 


large and ligh speed steam locomotives and the reby avoid the nece 
sity for resorting to the use of the engine-cylinder back pressur 
to produce adequate braking power without liability for skidding 
and flattening the driving wheels 

LUBpRICATIO 

It is false economy to restrict the quantity of lubricants used 
or to employ interior lubricants to the extent that resu n eX 
cessive friction, wear and tear, and any saving thus effected 1s 
Inanyv times over expended in delays, repair na ( At the 
same time probably no locomotive supplies are andled more 
wastefully or ignorantly than oil and grease, due to the lubricant 
not being applied or used in the proper manne 

Diflicultvy of aecess to the various bearings to be lubricated and 
the necessity for frequent hand oiling have no doubt contributed 
to lubrication waste and trouble, but during the past 15 years the 
substitution of grease for oil on many bearings, the use of larger 
driving wheels and lower piston speeds, and greater accessibility 
to certain parts as obtains trom the use of outside instead of inside 

alve gears and journals, have brought about a substantial in 
provement. 

Nppy \ CES 

he steam locomotive, other than the boiler. engn e, rul 
nil gear and tender proper, is rgely an em! pecial 
ippliances for firing, combustion, superheating, steam distributior 
nd utilization, feedwater delivery, lubrication, insulation, heatin 
lighting, safety, and labor saving, and of devices such as trucks, 
ixles, wheels, tires, springs, bearings, brakes, draft gear and boiler 
hittings. 

These appliances and devices are the result of ig! ly specialized 
research, designing and experimenting by the railway supply and 
equipment compamies, who in turn are large responsible for the 
development of the steam locomotive wl has oceurred d iring 
the past hitteen vears. 

With the cost for locomotive fuel and repan e1 ! ve! 
79 cents per mile run, or five times what it w: ten vears ago, the 
eost for the essential design, material, construction and eq ment 

f the locomotive must now be placed on an engineering rather 
than on a purchasing price basis in conformity with other high- 
class hac! mery lt more etheient and eCONOMMICAal ¢ erat I ind 
maintenance results are to be obtained 

PowER FOR ACCESSORIES 

The steam locomotive must not only produce superheated steam 

for the development of drawbar pull, but also supply saturated 


steam to various accessories of its and for train operatior 


own 


! 
Lippy 


For example, a modern passenger locomotive is required to 


brakes and sigaals as 


power to operate locomotive and train air 


well as train lighting, heating and ventilating equipment, and hot 


and cold-water systems, and in addition it must supply steam or 


As high 


as 20 per cent of the fuel as fired for an average divisional run may 


compressed air for the operation of a multitude of devices 


he used tor these ACCCSSOTIES, 
Not only has the use ol compressed air been found to be most 


expensive for the working of these accessories, but the reserve 


supply for train braking has been frequently drawn upon for their 
As 


coal pushers, ashpan doors and like devices ean be equipped for 


operation. power reverse gears, fire doors, water scoops, 


steam operation, such substitution offers possibilities for less drain 
the much-needed the this 
auxiliary power production. Moreover, as all of this power for 


on boiler and economy in eost tor 


accessories 1s produced by saturated steam, some means for sub 
stituting the use of superheated steam for those purposes where 
it is more suitable and economical should be given due consideration. 








Octaval Notation in Shop Measurements 


By ALFRED WATKINS, 
This paper is an argument for the adoption of a system for measur- 


ing binary inch fractions. At present there are two systems; the first 


divides the unit into halves, quarters, eighths, etc., and the second 


makes use of a decimal notation. The author proposes to replace 
these by an octaval notation in which eight is to be used as the radix. 
ifter explaining the method of constructing such a notation, the 
author discusses its application. A description of various types of 
measuring instruments with octaval notation shows its many advan- 
tages. The following instruments are discussed in detail: octaval 
rule, simple vernier calipers, double vernier calipers, single-screu 
micrometer, and two-screw micrometer. The author states that it is 
not his intention to propose the substitution of octavals for decimals in 
all branches of engineering, but he does advocate their use to denote 
the British binary inch fractions in the workshop and on workshop 


measuring instruments. 


RECENT investigation into the usage of coinage, weights 


and measures of all kinds, summed up in the author’s 
pamphlet, Must We Trade in Tenths, showed two distinct 
and clashing tendencies. The first, which is prevalent in all 


branches of commerce and craft, is to divide a unit into halves, 
quarters, eighths, ete., down to sixty-fourths. The second tendeney 
is on the part of the man who has more to do with computation 
than actual exchange or craft. He, finding a decimal notation all 
eut and dried and usable with easy facility, is thoroughly impatient 
with any other method, and wants his to be universal and compul- 
sory. To this class belongs the eounting-house man, the sehool- 
master and the scientist, who have never entered into the unex- 
And as we all, with a 
shght exeeption in dozens, count upward from unity 


plored science of commerce and handicraft. 
ten 
grouping, many of us are apt to decide that the ten grouping is 
also an inevitable division of the unit downward. But this ignores 
the general fact that no market man or craftsman does divide a unit 
into tenths until forced by the counting house into doing so. The 
figure ten only halves once into a whole number, and after that 
each halving adds an additional decimal place. The ten grouping 
is not the only scale of notation and such textbooks as Hall & 
King’s Elementary Algebra point out those with a basis or radix 
of 6, 8, 12, 16, or any other numbers and give rules for the con- 
version of one notation to another. It is exceedingly unlikely that 
we shall disturb the ten grouping for our counting from unity up- 
ward. But there is not the slightest difficulty in expressing parts 
of a unit in modern fractions of some other radix than 10. 
Unfortunately there is no notation which fits perfeetly with all 
fractions used in commerce or craft. The three groups of fractions 
most used are 3ds, 6ths and 12ths; 5ths and 10ths; and the binary 
group, 4ths, 8ths, down to 64ths. The last 
used more than all the others put together, 
chanical division of 
binary radix is best. 


in a 


group is undoubtedly 
especially in the me 
a unit of length, and a numeration with a 
As a radix of 16 would necessitate the selee 
tion of six new numbers, 8 is the seale of notation to select, and it 
fits the engineer’s binary inch fractions to perfection. 

An octaval fraction is distinguished from a decimal fraction by 
a special mark, the small circle or “pip,” originated by the author, 
and placed in the same position as the decimal point. Octaval 
fractions can be added, multiplied, ete., with much the same facil- 
ity as decimals and far easier than vulgar fractions, as for example: 


Vulgar Octaval 
of 
1 ao > 3. ] 041 
Re ee a ae siti 
2 32 64 64 64 64 104] 


Note that as 8 is the radix, it becomes 10 in all octaval arithmetic. 
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In the structure of octavals, just as 0.2345 in decimals 


2 3 | ) 
10 10 10 10° 
2 } } 9 
10 100 1000 10,000 
2 oS } 5 
so, o 2345 in octavals + 
~ Ss s Ss! 
2 3 } 5 
s 64 512 1096 


APPLICATION TO INCH FRACTIONS 


The foregoing explanation leads up to the subject of this paper, 
which is the practical application of octaval notation to the con- 
struction of micrometers, calipers and measuring rules, and the 


4 





OcTAVAL RULE 

great ease and facility it imparts to the measurement of the allow 
ances and limits so much used in precision work. Our present 
erude blend of decimal allowances with standard binary fractions 
is complex and illogical, and it would seem that as a “limit” table 
is based on the square root of the diameter of the part, it ean be 
more accurately and simply compiled in octavals than in decimals. 
The structure of an octaval fraction is much on the lines of a 
mechanie’s mental conception of the fraction. Thus ,42 (% +364) 
for the fraction usually called 33 is obviously half an inch plus 
a thirty-second. It should be also noted that the octaval figures 
are continuous, so that adjacent fractions as 4% and ${, so incon 
veniently expressed now, are in octavals ,4 and ,41, obviously 
adjacent. With an octaval radix the counting omits 8 and 9, and 
goes directly from ,7 to o1, from ,17 to ,2 
is reached, when the next value upwards is 1 0 or unity. 


and so on until ,77 
The 


870 
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octaves of the ei@hties and nineties are omitted a 


single figures 8 and 9. 











It will be noticed that in the instruments illustrated (Figs. 1-4 
all, or almost all, the divisions can be marked with figures ind 
cating their value, and tha except in the ease « the rule. ther 

re ho ver ne a l I lo lr the eve | lid ey! ( 
that in each case there i separate cule Tor eae ( ! 
fraction, eac re « being read separate ! I 
is nece iryv to ( the re 

() wval J he octa i rule | l ” ‘ S 
ur ired ind the res orm the first place ! ‘ ( 
fraction The writer has devised an original way of indi ng the 
subd ns of the eighths (the sixty-fourths) in stair ! 
vile ey! rie the alter e even numbers to be n rked, na These 
numbers co! tute the econd place in the or il trac ! l 
method of a different length of line for 2, 4 and 6 allows th it 
oft the indieated division to be known, even if it is not uneovered b 
the thimble or shding bar of a measuring instrument 
plieable to decimal divisior ind to ordinary and slide rule 

Sim? | ’ er Caliper The simple vernier caliper! shown wv 
| ” measures down to 64ths, and vet the divisions are searee 
finer than ¢ The vernier method is used, and every d oT 
is figured. The index line points to the first figure of ractio 
or be ond } short of the ne aqaiviston ind ( ernier ne w 
coincides with any upper division marked w e secon ! 
of the fraetior A partial d ke to the vernier me d prob 

y dueto ther ~ l assoc n wit ne eye I niy =| ? 
1 2 3 } 5 6 
6 
° 4 
2 
— 
= 

hig. 2) SIMPLE VERNIER CALIPERS 

Double Vernier Ca pers. A flat model of the double vernier 
ealipers is illustrated in Fig. 3 in order to show its action more 
plainly, although it is quile probable that a model with a cireular 


stock will be the commercially useful one. The standard fraction 


is set, in two places of octavals, exactly as in the instrument already 


deseribed. A fine movement for the 3d and 4th octaval places is 


Irictione d on the coarser movements. It is a double wedge wil Pe | 
and a movement of gin. on this eross slide moves 


The 4th 
octaval place is indicated by a vernier scale. In this, as in the next 


taper of 1 in 


the calipers 5j2 or ,001 in the third place of octavals. 


instrument, the Ist, 2d, 3d and 4th seales are lettered A, B. C and 
D. The advantage to which reference has been made of devotine 
two scales to the main fraction and the two others to the allowance, 
shows up very strongly in this instrument, for there is a separate 
allowance. 


plus and minus scale for the The mechanie has there 


fore only to set one part of the calipers for his main fraction and 
the other part for his allowance, either plus or minus, and has no 
No decimal instrument can 
do this unless the standard main fractions adopted are tenths or 
hundredths. It 


pencil or mental calculation to make. 
will be noticed that the construetion remedies a 
fault in previous beam calipers which had the pull of the fine 
When 


adjustment on one side of the main axis of the instrument. 
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used to caliper the exact size of an unknown dimension, the jaws 
are adjusted to the size, and a front clamping serew, not shown. 
is tightened on t e beam, the rear screw being lef't 1oose, ihe fine 
adjustment is then worked so ernier ne o1 cale B 
coincides with an upper divisior The C and D seales the ndicate 
he variation trom thre tandard tractior It ould be noted ft ‘ 
eonstruction make the reading of the econd place of the 
raction dillere rom previous instrume \\ t i 
iiwavs sé ONL r the re< ‘ ndare rie l ? é ine 
( ( does not el IS s¢ but ind \ ( re, 
r le ! ( dard thy ‘ n ol nte 
Two-Screw M e two-serew micrometer in 
} e re ( I ‘ ( I ( n 
f the seale for ( n fi nf? ' ( vanes id 
ered possible oy their be ( ( ea pve re ce n ° 
isa reat practical convenience | i! rument , rd 
raction rie red by the ‘ n ec! It is 
of 8 nite probab t thread It i ‘ e fir ce 
| , : 2 hy 5 f 7 | 
ns sf beater ‘ as ‘ ss as } 
e — - - — — ——__ 
Db _— 
a 
; I) VEN 
t T ‘ naex le W cl > TM I ‘ 5 e 
thimble I e second ¢ | place For me ! ( e 
I n fractions t t is required. The end usua on ned 
by i fixed il : ed w 1 Ine rit rew r the allowal . 
}d and 4th octa places, which is kep zero until required. This 
is a J2-pitch screw, it has a range of one revolution only d its 
thimble has a double seale starting each way from 0 for plus or 
minus allowances. The 4th octaval place is read by a vernier seale. 
he worl in, therefore, sets his standard fraction on the coarse 
ser turns the micrometer round and sets his plus or minus 
allowance on the fine adjustment, there being no ecaleulation « er 
for him or tor the draftsman. As illustrated, the fine adjustment 
s used Ie anded, but it would probably be ured to us¢ on 
PR i 
i a B 
ec, wig op — cs 
i : NE 
a 
oo : | 
a> / 
p> s « r> 
A » 4 a > 
, s 
= Fo . 
Fic. 4 Two-Screw Micromt 
the mght hand, and the position and the use of the vernier would 
then be exactly those that workmen are familiar with in the present 


instruments. 


[oO measure an unknown dimension in four places of oetavals, 


| 


e coarse adjustment is first set to the article which is wit! 


drawn, and the serew screwed in to register the nearest (smaller) 


standard fraction. The final measurement is then made with the 


fine serew which would probably be fitted with a 


ratchet, and the 
instrument would then read for the four places of octavals express 
ing the dimension. The fine adjustment end ean be used alone for 
measuring fine dimensions less than ‘4 or the coarse-adjustment 


screw alone for the main fractions. 


(Continued on page DOS 








Thread Forms for 


The use of worm gearing is steadily increasing, and accompanying 
t, perhaps the cause, is a corresponding increase in efficiency and 
durability which is the result of a better understanding of both the 
theoretical and mechanical problems involved. The following paper 
is a discussion of these and failure to take them into consideration 
in the past has often led to the discrediting of this form of drive. 
This paper also suggests methods for bringing about a uniform and 


satisfactory practice in worm gearing. 


T is only recently that engineers have considered a worm gear 
in any other light than that of a necessary evil, and this is prob- 
ably due to the fact that heretofore the finer points of manu- 

facture were not appreciated and were not obtained except in those 
places where this type of gear had received more than the usual 
The actual manufacture of the worm and gear, 
however, presents certain mechanical difficulties and inaccuracies 


amount of study. 
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NO.8. WORM NOS WORM NO.8 WORM NO2._ WORM NO.2. WORM AXIAL 

CUTTER NORMAL. AXIAL NORMAL SPACE SPACE SECTION 

SECTION SPACESECTION. SPACESECTION SPACE SECTION (TOOL) 
Fic. 1 Dovusie-THREADED WorRM 


which are not apparent in any theoretical discussion of the subject. 
These difficulties appear in making the worms and hobs, especially 
with multiple threads, in fact it might be said they appear in 
making worms or hobs whose helix angle is greater than 18 deg., 
and although no attempt has been made to show these difficulties 
mathematically enough models have been made to clearly indicate 
them. These uncertainties are due to the differences in the thread 
forms produced by the different methods of cutting the worms; 
first, with an axial tool, the use of which is limited to a rather 
low helix angle; second, with a normal tool which has no limit for 
angle; and third, with a rotary cutter. 

This is usually 
made with the sides of the threads on the axis forming an included 
angle of 29 deg., and it ean be eut with a lathe tool of 29 deg., 
the eutting edge of which is set parallel either to the axis or to 
the normal section. 


The most common worm has a single thread. 


It can also be cut with a rotary cutter of the 
same included angle in a thread milling machine. In other words, 
the hob which must be backed off with a tool, set either to the 
normal or on the axis, can be made either way, and the wheel 
produced will mesh properly with the worm made in either of the 
three ways just mentioned. 

To demonstrate the difference above mentioned, 13 worms were 
made to the dimensions given in Tables 1 and 2, which also gives all 
the necessary working information for producing them. The pitel 
diameter and axial pitch are the same for all, and this applies 
equally well to double threads, except that in the case of double 
threads the difference between the normal and axial sections begins 
to be noticeable. In the case of worm No. 8, Table 1, which was 
eut with a straight-sided milling cutter, it will be noticed that 
the thread is perceptibly convex. This difference is shown in Fig. 1, 
where the dimensions of the cutter which cut worm No. 8 is shown 
at A with the dimensions of tools fitted to the normal and axial 
sections at B and @. In all the references to the normal or axial 
sections, it is to be understood that the space section is meant. 
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Worms and Hobs 


PROVIDENCE, R. I. 


This method of analysis permits a visual inspection of any differ- 
ence in shape of thread, as the model or dummy worm can be held 


to the light and the difference readily seen. The figures show in 


TABLE 1 DATA FOR WORMS 
g ~ 
- 0 8 é - 
o & a 
n ° <= an n n 
Ei E i+ a cal ‘3 so bs n rf g 
- | > cs |3 = > = = be : c 
S|f |e ileal & - me <a = Eis/|4 = 
= He se 6 % sg c 2 =|t| & 
- be oe od e Sat ie = - = =i Sig 
o ST ioe os te <0 « 9 - Sia iFiSi & 
s © 2 &s or eS 57 5 4 = y = = 
- 3 iw | bs: ie at < = ¢ 
- 6 |s 1|si\ 3 _ < E “ 
on ~ ( = ~) = 
mi y S G & Zz 
< =. ‘i 
1 Sin. 3.50 83-39 6-21 Lathe 29 Axis Same Tool .3185 .6866 497 1.00 2.127 
tool on axis as No. 2 
2 Dou. 3.50 77-28 12-32) “ wi Same Tool .3183 .6866 .488 2.00 2.127 
as No. 1 
3. Tri. 3.467 71-33 18-27) “ a P 302 .651 .475 3.00 2.16 
4 Five 3.420 60-56 29-4 “ = : 278 .600 .437 5.00 2.220 
5 Five 3.50 60-56 29-4 “ 3 3 3183 .6866 .437 5.00 2.127 
7 Sin. 3.50 83-39) 6-21 Cut 29. ~Normal 3 3183 .6866 .497 1.00 2.127 
8 Dou. 3.50 77-28 12-32) “ ee ge ‘ 3183 .6866 .488 2.00 2.127 
9 Tri. 3.467 71-33 18-27 302 .651 .475 3.00 2.165 
10 Five 3.420 60-56 20-4 “ ‘ ° . 278 .600 .437 5.00 2.220 
ll Five 3.420 60-56 29-4 “ 0) sae ‘ 278 .600 .437/5.00 2.220 
12 Sin. 3.500 83-39 6-21 ° 29 e 6 3183 .687 .497 1.00 2.12 
13 Five 3.420 60-56 29-4 ‘ 50 t 8 .600 .4375.00 2.220 
14 Five 3.420 60-56 29-4 Hob. 29 278 .600 .437 5.00 2.220 
\LL DIMENSIONS ARE IN INCHES. WORMS ARE IN EVERY CASE 2.8634 IN. PITCH 
DIAM. AND 1 IN. AXIAL PITCH 
a=Angle of thread with axis S= Addendum =top of thread to pitch line 
8 Helix angle t= Thickness of thread at pitch line 
D + f= Whole depth of thread 
thousandths of an inch what the difference is, the dotted lines 


showing divergence of the sides of the teeth from the straight line 
in an exaggerated way. 

A tool fitted to the normal of worm No. 2, 
D in Fig. 1, and can be compared to the axial section shown at 


Table 1, is shown at 


) a 
= 5 “ 960 059 - a ‘ . 
} ‘ -—s a ~ 4 a 7 ‘ f 
ft | | \ ¢ Sik \ 4 j 
= 44 \ us ff 04s) 7 4355 4355 
oO a “t ve / \o ve f \ te f 366 
Ss + = \ \ / \t | \ f \ f 
¥ ' 7 = an 4 
\ B Cc D E 
NO.3 WORM AXIAL NO3 WORM NO.9 WORM NO.9. WORM NO9 WORM 
SPACE SECTION NORMAL CUTTER AXIAL NORMAL 
(TOOL) SPACESECTION. SECTION SPACE SECTION. SPACE SECTION 
I'ic. 2) Tripre-THREADED WorM 


E. While the difference in shape is noticeable and measurable 
for a double-threaded worm for all practicable purposes, the state 
ment made about a single-threaded worm holds true for a double 
thread. When a triple-threaded worm is considered, the method 
of cutting becomes of greater importance, since the difference in 
form between the axial and normal sections (which results from 
the different methods of cutting) is great enough to require that 
the hob teeth shape be made exactly like that of the worm. This 
appears to be a superfluous statement, but it is the exception for 
a purchaser of a hob to state how he intends to eut the worm, no 
matter how many threads it has. 

Worms No. 3 and No. 9 are triple-threaded, No. 3 being cut 
with an axial tool in a lathe, and No. 9 with a rotary cutter. The 
difference in the normal and axial sections of worms No. 3 and 
No. 9 are shown in Fig. 2. The difficulty just mentioned as to 
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cutting clearance on the axial lathe tool may also be experienced 


with a hob that has axial grooves, so that when the angle become 


18 deg. or greater, it is well to use spiral grooves, as the hob, un 
less it has ample radial clearance, may drag on one side 

A more extreme case, but now a very common one, 1s a five 
threaded worm where the helix angle is approximately 30 de 


The angie ol the 
the tool, 


is 35 de 


thread at the root roverns the clearance ar e oO! 
No. 4, the 


¢., 39 min., and in worm No. 5 the helix angle at the bo 


and in the ease of worm 


1 } 


is 36 der., 48 The depth of 


min worm No. 4 is based on the 
normal pitch, while the depth of No. 5 is based on the axial puitel 
The shallower tooth eliminates some of the difficulties experienced 
with these extreme helix angles, and it is good practic ( ( 
normal depth as soon as 18 deg. angle is reached, o1 en spr 
grooves are used in the hob. With a helix angle of 45 de 
quite « mon with axial depth, and 29 deg. tliread I 
BI OOTI PARTS FOR D EREN' nM 
FE 5 " wel< : 
: . 5 | 37 ™ 
fame A ; = a 4 
E Big ie]: 
Z - ¥ a <i ~ 
= 
) - : {88 
Iris x } is 
} 429-4 | 24 8 : 4 
| 4 18 
or nor : ery difficult to make ly ( 
} i'\ iT ( ( e Cle rane e pont i l ! I n 
sible to 1 é e hob w tool that ean be sharpened i 
enar ng 1 eKne \ the hob ter ! al ! ‘ ‘ 
and any « rtion in the hob or in the worm, due to hardening, 
interfere Vey ’ } { the me ing oO the worn nd wheel 
The difference n the pe of the various sections « i f 
\ j / 
\ \ f 


THREADED WorRMS 


threaded worm as made the straight-sided tool are shown in 
Fig. 3. 


Worm No. 10 


eluded-angle eutte 


has five tl reads, and was cut with a 29 deg. 


differences in sl 


in- 
r, 345 in. diameter, and the ape 
| 


to the normal and axial sections of No. 10 worm 
the normal and axial sections of worm No. 4. 
18 deg., it is well to eon 
To illustrate, worms No. 11 

with a eutter whose sides formed an 
No 


13 witl 


etLween tools nttec 
may be 


When the 


sider using a greater pressure angle. 


compared wit 


} 


helix angle is greater than 
ind 13 were made and cut 
50 dee. 

No. 


nsize of eutter was made to show the difference in shape produced 


included angle of 11 was eut with a eutter of 31% in 


in diameter and one 6 in. in diameter. This change 


by two eutters of different diameters. 


The most durable pair of worm gears is that with a hardened 


ind ground worm. If the worm is to be ground, the shape of the 


worm thread must be such that the thread surface can be readily 


reached, and when the wide angle cutter is used this is 


Ihe 


poss ible. 


best eutter to use is the one that will give ample working 
pace. This angle should be no greater than is necessary to obtain 


uch results, as the smaller the angle the better, because the pres- 


ure on the bearings varies about as the tangent of the angle of 


ressure. 
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Worm No. 13 might be considered as t heer t wit 
1 wheel 6 in. in diamete nad the ¢ erence ! he pe m tne 
ixial and norma ectior between No ] d } noi 
rig } A worl mil t be eu 3 Ne i] ( I > I I 
diameter ind I nd readily wi ray, f rn « eter | ( 
error is prin tsick re ere 
¢ 42 
g ~ 4 =~ , sr ~~ r ~ vr? 
J \ jf ‘ j 
‘ \ 
em \ \ f \ , \ 
£ - \ J \ \ 
mS / f Ni t 
L / ‘ A ‘ 
ANDIZ WORM NOIIWORMAXIAL WN WORM ) 
CUTTE SPACE NORMAL AXIA 
CECTION ant ‘ c cE CrrTina p TIOK T 
‘ ~ c ‘ A 
< ed 2 7 ‘J 
x ow 422 f-Side ‘ / 
Ye Te. yay / 
x _ . 
F G6 
WORM AXIAL SPACE TION COMPARED 
WITH STRA OT A T ~ ANG 
Fic. 4 Fi PHREA Wo 
decided roundl oll npoimn# 1 ive ) | con 
orm te thy tiny) ed wor d prod ‘ p t the 
round wort | } shows ] nd ¢ ¥ neal ra 
the ides of the tes re on ix No. 1] ! N L3 er 
the anual ection being cor red W i tral cle tor 
| s 1s also re Lis ( I it there ma 
he i loss nm ¢ ( 0 1? ded tee nm the 
x tr ? ‘ I | - ¢ r t | is 
! t ce ’ wont ‘ ' I } 
—< 255 9 06S) 
Ss: 4 4/2 / 9439 [ - 
- ax VAIO J VFO. 
MS" -« 227) I 2 
ae YU “f Vs 
: a 
NO. 10 NO. 14 
WORM NORMAL 
CDACE certian 
SPACE SECTIO ‘, 
I dD FE l Wi . 
s most simple. This eutter can also be made as an ordinary mull 
ng cutter which euts more treely than a formed cutter which must 
be used if the ection is other thar it produced with a straight 


If it is known that a given included angle is the basis for the 
cutter, it ean be produced by any one, even s diameter is not 
known, as quite a difference in cutter diameters can be used with 
out any serious difference in shape. It must be borne in mind 
however, that the greater the angl the cutter, the less is the 


variation in shi: 
Another met 


to hob them. 


hod of producing worms with five threads would be 


Worm No. 14 was eut with a single-threaded 


1414-deg. pressure angle hob (29 deg. included angele ind the 
shape of the space on the normal is shown by dotted lines in 
Fig. 5, at HW; this is compared with the normal section of worm 


No. 10, 
that tl 


Fig. 


is method produces somet! 


i, Fig. 5. It is 
ing. quite different and 
If a hob of 
axis was used, the shape produced 
worms Nos. 11 and 13. 


That there is a general lack of knowledge of the 


3, and is reproduced at apparent 
a shape 
at eannot be readily rround. 25 deg. pressure angle 


or 50 deg. included angle on the 
would be much nearer that of 

foregoing tacts 
is apparent to any one who is familiar with the manufacture of 
worm gears and the tools for producing them. It would be de 
sirable to establish and follow a standard line of procedure as the 
use of worm gears is increasing rapidly. Any method adopted, 
however, should be based on simple principles, such as straight- 
sided cutters with a change in pressure angle at some 
of helix and a change from axial to normal depth at the same 
point, and the desirability of this latter method is due to its 


mechanical advantages and not to any theoretical ones. 


stated angle 





Modern Electric Furnace Practice in Foundries 


By W. KE. MOORE, ! 


In this paper the author first enumerates the superior properties of 
electric steel and then points out the advantages of the electric furnac 
over the open-hearth method. He also discusses the features of th 
various classes of arc furnaces which have made that type practicall) 
supreme in the field. Following this the crucible and converte: 
processes are briefly described and it is shown how the acid type o 
furnace is best suited for foundry work. Comparative operating cosis 
of producing liquid steel by the converter and electric-furnace processes 
are also given, and these bring out the marked economy of the latter. 
The paper concludes with notes on the employment of the electric 
furnace in malleable-iron foundries. and on the selection of the most 
suitable type of furnace for a given installation. 

P to the present time the electric furnace has seen its largest 
commercial development, first, in the manufacture of alu- 
steel, third, in the 
manufacture of ferroalloys, and fourth, in the manufacture of 


At the end of 1913 there were only 


minum, second, in the manufacture of 
ealeium carbide. nineteen 
electric furnaces installed in the steel-making industry in Ameriea. 
This number had inereased to 136 at the end of 1916, and to 269 at 
the end of 1917. 
furnaces in use in various industrial countries of the world is 815, 
of which 290 in the United States and 


The average capacity of these furnaces in America is 0.37 tons 


At the present time the number of steel-making 


are 15 in Canada. 
per heat when used for ingots, and in the foundry business, 1.7 tons 
per heat, though the ordinary size now most generally used in 
foundries is the 3-ton. More than 99 per cent of all the steel-making 
furnaces are of the are type, less than 1 per cent being of the in- 
duction type, which was popular in the early days of the art. 
Electric furnaces are used for the following principal purposes 

in the metal industries: 

a Forging steels, tool steels, alloy steels, ete. 

bh Making steel castings in foundries 

e Making high grades of strong cast iron for difficult or fine 

eastings 
d Melting brass, bronze and other non-ferrous metals. 
PROPERTIES OF ELEcTRIC STEEL 
Primarily, electric steel became popular because of its superior 

physical properties. While such steel can be made with a more 
satisfactory chemical analysis, using a given grade of raw ma- 
terials, than by other processes, experience has abundantly dem- 
onstrated that when made according to the same chemical analysis 
it will have about 15 per cent greater tensile strength or ductility, 
depending upon its heat treatment, and that it is more resistant to 
shock and better able to receive heat treatment. The reason for 
this is that the steel, being made in a closed furnace and in a 


TABLE 1 COMPARISON OF OPEN-HEARTH AND ELECTRIC 
FURNACE STEEL 


Open hearth Electric furnace 


Flastiec limit, lb. per sq. in $1,060 64,850 
Tensile strength, lb. per sq. in 89,100 105,140 
Per cent elongation in 2 in 21.5 22.0 
Per cent reduction of area 21.74 52.37 
Plastic torsion ia 16.750 33,700 
Character of fracturs Granular Silky cup 


reducing atmosphere away from the contaminating influences of 
combustion gases, is more solid, freer from gases, and less prone to 
non-metallic inclusions of slag oxides. As an example, the tests in 
Table 1, made by R. W. Hunt and Company, Chicago, January 30, 

? Director of Research Laboratory, 
land, Ohio. 

lor presentation at the Annual Meeting, New York, December 1919, of 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS. The paper is here 
printed in abstract form, and advance copies of the complete paper may 
be obtained gratis upon application. All papers are subject to revision. 


\luminum Castings Company, Cleve- 


PITTSBURGH, PA 


1919, for the Chicago Surface Lines, illustrate the physical proper 


ties of A.E.R.A. specification heat-treated electric-furnace axle 
steel. It was heated from 1450 to 1460 deg. fahr. held one 
hour, quenched in 65-dege. oil, drawn from 1185 to 1200 deg. 
fahr. for one hour and then slowly cooled in the furnace. The 


open hearth steel was also heat-treated in the same manner. 

The Bureau of Standards reports regarding the superior qualities 
of electrie steel as follows: 

The characteristics of electrie steel are great homogenity and 
freedom from segregation. It is somewhat higher in tensile strength 
and elastie limit than other steels and owing to its greater density, 
shows a marked resistance to fatigue. 

Being absolutely “dead” when properly made and averaging 
lower in sulphur, electrie steel in the foundry is less lable to show 
shrinkage cracks between ribs of eastings, and, being more fluid, 
it is not so liable to piping, blowholes, cold shuts or misruns, and 
in tool steel it takes heat treatment more effectively and will stand 
greater abuse in heating. 

The electrie furnace is especially useful for making alloy steels 
Since the metal is treated in a reducing atmosphere, there need be 


cs 


no large losses ot the added eleme nts, such as silicon, man 


ranese, 
vanadium and chromium, which in the ordinary open-hearth prae 
tice are oxidized in large quantities and earried to waste in the 
Indeed, the added ele 


ments in open-hearth practice frequently show losses of from 30 


slag, thus producing uncertain mixtures. 
I 


to 50 per cent, while in the eleetrie furnace they will be practically 
nil. 

With the electric furnace it is much easier to carry the finishing 
operation to a more exact limit in carbon and silicon content than 
is practicable in the case of the open-hearth furnace. Gases of 


solution and inclusion, such as and nitrogen, are also 


oxygen 
eliminated. 
EvLectric Versus Open-HeartH FURNACES 

In open-hearth furnaces it is impracticable to melt down fin 
scrap, such as turnings in quantity without excessive additions of 
pig iron, for the reason that the oxidizing flames, which furnish 
the heat to the furnace, will reduce the metal when in an attenuated 
form to a mass of oxide before it becomes molten, whereas with the 
electrie furnace it is entirely practicable to melt turnings exclu 
sively, which, under ordinary market conditions, are purchasable 
at a price from five to ten dollars per ton lower price than that for 
the heavy melting erade ot steel required In open hearth practice 

In the electrie furnace it 1s possible to obtain a heat-transfer eff 
ciency of from 60 to 70 per cent of the heat energy of the electri 


power supply put into the molten charge, whereas with 


15 


| he fue | developed 


open 


hearth practice the efficiency ranges from 8 té per cent an 
in a crucible practice from 2 to 6 per cent. 
heat unit of the open-hearth furnace is, however, bought in a muc! 
cheaper form than the heat unit supplied by electric power, and 
if the electric furnace did not have the other advantages men 
tioned it could not at present compete against the open-heart! 
furnace on the basis of cost. 
On account of the very intense heat of the electrie are, it 

of 
steel in one hour or less which in the open-hearth furnace mig 


require from 6 to 14 hours. 


entirely feasible to melt down and refine a charge found: 
In other words, a 12-ton eleetrie fw 
nace may be practically equivalent to an 80-ton open-heart 
furnace, so far as steel output is concerned, and involve far les 
installation cost. 


Tue Arc Type or Evectrric FurNAcgE 


The are type of electric furnace is practically the only one he 
ing installed for steel making today, although induction-type fm 
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elance the induction typ furnace appent 





advantages over the are-tyvpe furnace, but practice 
that it is in no way a competitor of a proper Col 
lurnace, In large sizes the power lactor s extreme ly 
iency of the furnace poor, and the cost of replacing 
very high. 

Are turnaces n ay again be classified into long-are and ort re 
type There are many theoretical inducements for using the lor 
are lurnaces, With a wriven energy inpul, the electrode } eorre 
spond nely smaller and the electrode cost therefore reduced pro 
portionately. With the water-cooled bottom-contact tvpe of tu 
nace either the furnace size must be kept small or the voltage must 


be rreatl increased in order to Keep the 


that 


eurrent 


form of contact from overheating; hence, it 1s the custom to 


operate the bottom electrode turnace wit qu te a long-are and low 


current, and in small sizes only. 


Are furnaces may again he classified into singl e. two 
phase and three-phase types. The single-phase furnace cle 
simple but is poorly adapted to modern power-plant cor or 
is central ition power today is universally generated and trar 
mitted in three phasc The long-are ingle phase Turnac ) 
have the er reat ¢ idvantage of operating on extr ow 
power ctor, thus causing a great waste in transformer, line, an¢ 
renerator capacity, which u ually makes them prolubitive trom ce 
eentral-station man’s viewpoint in any but quite small siz 


per heat. 


‘| he two-phase turnace may be operated either 


] 
hen operated from the usual 
I 


power the } ises have to be transformed by Secott-e mnected trans 
formers, which are more costly, less efficient and frequently w 
balance ne power s\ tem. The two phase furnace 1s isuall Dull 
with tour aren electrodes and, wluile it gives a theoretically bal 
anced lond on the power system, it has the objection of requiring 
in additional electrode, which increases the electrode consumpti 
sd per cent over the three-phase furnace, 

The three-phase furnace for installations of moderate and large 


size is the most universally satisfactory and popular furnace, fu 


filling all the eonditions as to balanced load and high-power factor 


required by the central stations, at the same time giving the mini 


mum electrode e simphest form of automatic-electrode 


idjusting rear. 

It is possible to obtain satisfactory operation of the direct-aré 
tvpe furnace for melting non-ferrous metals only where the con 
tent of metals which volatilize at low temperatures is small, as, 


or instance, in making bronze and low-zine metals. Where the 


zine or aluminum content is high, as in yellow brass, Muntz met 
c., this type of furnace is very unsatisfactory and results in great 
vaste of the more vol itile metals nl | the mat Ing of porous ©¢: 
ngs. Consequently special furnaces of the resistor, rocking, rol 
ng, tumbling induction or distributer-are tvpes are required, the 
er reterru o furnaces in which the heat of e are is trans 
ted by radi n alone 
DISADVANTAGES OF CRUCIBLE FURNACES 
The erueible furnace is the oldest method for making steel 


‘astings and of making first-class tool steels. However, it is now 


wing practically displaced by the electrie furnace, which has many 
dvantages 


ike sounder eastings 


such as rapidity and reduced cost, and the 


better Due to 


ne absorption of earbon from the erueible, it is difficult to make 


and tool and alloy steels. 
tings low enough in earbon to obtain the ductility desired for 
any Furthermore, the steel reduces the siliea from the 


the 


purposes. 


eontent ol 


of the erucible, tending to run the silicon 
oduet high. The overpowering objection to the erucible proce 
vever, 1s the high eost of the products, due to: 
a High cost of pure melting stock, as no refining is practi 
cable 
Very high labor cost on account of the small heats handled 
Extravagant fuel consumption, sometimes using 3 tons of 
coal per ton of steel 
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1 High eost of crucible renewals, often averaging two to 
four crueible per ton melted and n aby, +] eact 
or $18 to $44 per te 

lor these reason e crucible-me ne ! t of 
is¢ lor castings a We i tor 0 ( 
Tue Co R PROCESS IN S | 

During recet ears the side nverter |} Te ‘ 

ery popular in steel found: ng ! nd 
I] | pro r es | race ( ' 

phosphorou ind \ uphur } ron to be me d i cu 

rut we V ( rie rade ¢ ( e obt I rie I ( 
the conver proc r e steel ( 1 enoug! 

r re nab ! the hve isu rut ! two 

I re ¢ ( l ‘ en ‘ ( ( res j iy re , 

f uel cor ! moder ( e! imo ty oo 6H00 tb 

coe per tor e first « nd the 
roe ible for intert el ervic 

Che disad n res are ihe me must be ed I 

‘ t he etal piel ) r I! nd } phoru | nitrides 
! contact with the fuel ar the air blast; the ! ‘ 
cupola and converter are quit¢ runnir ! lf + per 
e further coneentrating and increasit e perce! es of i 
yvuritic ! e original metal ar e melting ck; 
hie eel is full of oxides and gases and requir reve quantities 

Kper e ferroallovs to ki the quality of e steel physical 

is W as cle eA below ! i heat once blown too ecold 
cannot il! lyr ht up n eat enough cast and must be 
“pigged’; o7 the highest grades of melti ck iv be used, 
( Ing genera $15 to $25 per ton mor n for the acid open 
earth furnace and $20 to $35 per ton more n for the electrie 
furnace; and e refractory maintenance 1s | the cup 1 and 
eonverter lini must be repaired after each 10-hr. run Aquid- 
metal costs of converter steel frequently run up to from $60 or 
7OU per ton. 

The electrie furnace is the most modern steel-producir eney 
and is gaining in popularity more rapidly than all others. It is 
the most compact tTurnace, and the rapidity wit whicl t will 
melt down cold charges adapts it splendidly to the making of steel 
castings, as well as forging and tool steels. It is the cleanest and 
most certain method of making steel, and its small bulk makes it 
feasible to locate the furnace near the center of the floor where the 
metal need be transported short distances only 

\ I ELECTR | RNACH FO K'ouN y Wo! 

lhe acid-type furnace is best suited for foundry work and the 
most popular size has a capacity of 3 tons per heat, though some 
times 1.5-ton or smaller furnaces are required. The more high! 


and rapid furnaces for such work turn out from 8 to 16 


heats in 24 hr., and with a power consumption of from 500 to 650 


kw-l r. per ton ol liquid steel and considering t} e ult mate ethe.eneyv 


1.5 lb. of 
its fuel consumption might be said to be equiv 
750 to 900 Tb. 


h grade nor low 


. larve mo le rm turbo renerator power house at, Sav, 
coal per kw-hr. 


ilent to from of coal per ton melted, and the veoal 


need not be of | iw in sulpl ur and phosphorus as is 


necessary with fuel-fired furnaces. Basie furnaces require 


time and power, heats ranging from four to eight per day, 


since the charge is melted in a reducing atmosphere there is prac 


tically no oxidation of the metal: eonsequentiy thin serap. light 


turnings or serap of other forms such as ean be conveniently 


charged into the furnace, may be melted. Such scrap on the present 


market sells for approximately from $5 to $10 per ton less than 


low-phosphorous, heavy melting serap necessary with the ordinary 


h melting-furnace installation. 


acid open-hear 


being of a | 


The furnace atmosphere, reducing nature, makes it 


easier to refine and kill the steel, resulting in a saving amounting 
frequently to half of the ferroalloys necessary with converter steel, 
effecting a saving of, say, $2 


per ton. The melting losses in the 


electric furnace are much the lowest of any modern process, aver- 
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aging from 2 to 5 per cent as against 6 to 9 per cent in the open 
hearth and trom 16 to 24 per cent in the converter process. 

the do 
fuel-heated furnaces and an acid eleetrie will therefore readily 
make No. 3-U.S.A. specification steel, whereas it nowadays 1s prac 


tically impossible 


The eleetrie turnaece does not contaminate metal as 


to find melting stock sufficiently pure to do so 


with the converter process. The saving alone in the cost of melt 


ing stock will more than pay for the entire conversion cost of elec 


tric steel. The greatest points in favor of the electric furnace are 


the mueh higher grades of steel produced and the higher percent 


age vield in castings and bars. 


Costs oF ELECTRIC AND CONVERTER ST! 


COMPARATIN 


With the electrie furnace, men can more readily make and check 


their steel to an exact percentage of carbon, manganese and silicon 
and can more easily keep the undesirable sulphur and phosphorus 
to low limits than by any other process. The steel may be readily 


alloved with miekel, chromium, and vanadium to make the higher 


grades of steel castings to replace forgings and for special pw 


poses, such as may be required for parts of unusual strength, duc 


tility or tor cutting tools. It is entirely feasible to make eastines 


which will run up to an ultimate strength of 130,000 Ib. per sq. in., 


or to east high-speed-steel milling cutters and reamers to form for 
grinding. The figures in Tables 2 and 3 show present-day com 


parative operating costs tor liquid steel in the ladle under favor- 


able conditions as in a steel foundry under 2+-hr.-per-day operation. 


TABLE 2 AVERAGE COST PER TON FOR TWO TONS OF CONVERTER 
STEEL DIVIDED INTO FOUR CUPOLA CHARGES 
a . Cost per tor f 
ton Converter Charge liquid “hee 
Low -phosphorous ig iron $14.09 
Bess iron 7.89 
Steel scrap 10.14 
Silicon and spiegel nod 
Coke, 868 1b 1.01 


terial per ton of liquid steel $38.68 


Additions per ton of steel 
10 lb. SO per cent ferromanganese at 6 cents £0.60 
6 Ib. 50 per cent ferrosilicon at 5 cents 0.30 
2 lb. aluminum at 380 cents O60 
Power for blower motors 1.25 
Cost of materials and power per ton of liquid steel $41.48 
Average cost of cupola and converter linings 1.20 
Labor costs a0 


Cost of converter steel per net ton in ladle $45.63 
TABLE 3 AVERAGE COST PER TON FOR THREE-TON ACID-LINED 
RAPID-TYVDI POLYPHASE, ELECTRIC FOUNDRY FURNACE STEEL 

Three-ton Electric Furnace Charge com per tam of 
liquid ste« 
Axle turnings (included above 3 per cent losses, 200 Ib.) $12.40 
Mill scale (included above 60 per cent losses, 60 Ib.) 0.09 
Electrodes at 7 cents 1.40 
1650 kw-hr. (550 per ton) at cent per kw-br AO 
Losses in melting 260 Ib 

SO per cent ferromanganese 0.40 

50 per cent ferrosilicon 0.97 
Aluminum at 30 cents O.15 

Cost of material per ton of liquid steel $20.19 
Average cost of linings and roofs 0.40 
Labor cost on furnace attendance 1.00 

Cost of electric steel per net ton in ladle $21.59 


G. K. Elliott reports a eupola iron 
of 2950 lb. with a 0.10-in. deflection in 
bar. After 25 min. treatment in the electrie furnace, using 104 
kw-hr. per ton, a similar bar was east and broke at 4400 Ib. with 
a ().115-in. deflection. 

Very fine results have been obtained with malleable iron made 
by treating cupola metal or by melting cold scrap in an electric 
furnace. The ability to refine for sulphur and phosphorus and to 
add ferroalloys to adjust the mixture to the proper malleabiliz- 


load 


a standard arbitration test 


showing a transverse 


~ 
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ing formula, together with its very rapid operation, give the elee 


tric furnace a decided advantage in) malleable-iron toundries, 


particularly in working on high-phosphorous southern irons. 


as s} own 


In the non-ferrous-metal industry the eleetrie furnace | 


remarkable economies, due to the saving of cost of erucibles and 


the rreatly reduced metal losses caused by oxidation 


zation. For such work special types of furnaces designed to avoid 
localized heating are necessary. 
SELE¢ IN OF AN Evectrric FURNAC! 
As to the most suitable tvpe of electric furnace for a given 


installation, if the serap be inferior and high in sulphur and phos 
phorus, then the extra cost, slower operation, and shorter refractory 
lite of the basie furnace must be endured to obtaim the lower limits 


not practicable to reach with aeid 


scrap. At 


of sulphur and phosphorus 


furnace using poorer erades of present the call 1s tor 


acid-lined furnaces, and cheap, good serap is available in large 


quantities tor foundries, and basie furnaces for alloy and tool steel, 
The acid furnace is simpler, cheaper and faster to operate and the 
steel casts more easily, while the basie furnace is essential for tool 


] 


steels. 

It is strongly recommended in any ease that a turnace be so 
designed and constructed that it is adaptable to basie operation. 
This means that the furnace shell must be of large diameter and 
the bath of large area and shallow. The turnace should not, 1t 1s 


of the long 


small diame Ler, deep 


ited, In 


thought, be are type, nor ot f 


bath type if the best and most rapid work is contempl: 


deed, even for acid melting there is a noticeable difference in the 


quality of the steel obtained from the large-diameter, shallow-bat! 
burnaces compared vith that made in the deep bat! type irnace, 
for with the latter it is not feasible to obtain the same mechanical 
reactions from the additions put in to refine and kill the steel as 
when the bath is of the shallower type. Nor is it possible so thor 


to deoxidize the reducing atmos 


the 


oughly metal by maintaining a 


phere in furnace 


that the furnace should 


highest practicable power factor that can be obtained without un 


It is quite important operate at the 
due disturbance of the power company’s load, for by so doing the 
electrode, transformer, line and generator losses are maintained at 


a minimum. Engineering skill of a high order is required to tore 


east and select the best type of equipment, under the many varied 
power-supply conditions which obtain in different localities. 

By reason of the now generally acknowledged superior quality 
of the product, greater flexibility of operation, quicker, more-con 
venient-sized heats, and saving in alloys and in cost of melting 
the 


suitable 


stock, the electric furnace is rapidly coming to the front in 


steel foundry and alloy- and tool-steel works wherever 


power is available and progressive policies are in vogue. It is 
making possible the profitable operation of distributed 
steel 


greatly reducing the investment cost required in tool-steel works 


widely 


small foundries to an extent not generally realized and 


That weaknesses are developed in steel by aggregations of im 
purities, notably sulphur, which are foreed into position in the 
processes of rolling or forging, is asserted in a paper by Mr. Port 
evin, published in Comptes rendus des séances de L' Académie de 
Sciences, tor August 11,1919. In the Journal of the Iron and Stee! 
Institute, vol. 85, 1912, p. 379, 
applying an acid solution of silver bromide te uneven surfaces by 
Mr. Portevir 


examined the variation in the appearance of fractures in steel. 


Roger has outlined a method of 
using a plastic mixture of clay, wax and vaseline. 


test pieces, according to the direction of the line of fracture wit! 
respect to the fiber of the steel, given to it in the process of rolling 
or forging, by substituting for Roger’s mixture a paste composed 
of gelatine, glycerine and water covered with an emulsion of silver 
bromide. Evidences of aggregations of sulphur were found in al 
specimens thus examined. It would appear, therefore, that th 
only means to prevent such aggregations is to keep the sulphur out 
of the ingot. This ean be best effected in the opinion of Mr. Port 
evin by reducing the disengagement of gas in the pouring of the 
ingot and employing ingots of as small size as compatible with 
the use to which steel is to be put. 








A Pertected High-Pressure Rotary Compressor 


by CHIFSTER Bb 


Of the three types of retary compressors, namely, the centrifugal 
7 blower, the gear type and the eccentric rotor with tel. scopic blade, the 
last is the least efficient. Particulars are given by the author of a neu 
and improved construction of this fype in which leakage, friction and 
packing troubles have been eliminated to such an extent that a volu 
metric efficiency of 92 per cent at seven compressions 100 tb per 
. q. in.) ts said to be commercially obtainable It is also stated that 
this compressor will, without adjustment or alteration, handle gas 
air, or a liquid, or a gas and a liquid at the same time, and that it is 
possthle to obtain a pressure of 500 lb. in a single-stage machine and 
1000 lb. in three stages with the three units on the same shaft The 
uses of the rotary compressor are also enumerated in the paper and 
its special advantages are set forth, these being (1) small weight per 
unit of capacity, (2 small amount of floor space required, 3) small 
initial cost of installation, t) employment of direct drive, (5) small 
. amount of headroom required, (6) simplification of construction and 
small amount of adjustment or repatr, and (7) self-lubrication 
NY one familiar with the various line f echanical er 
» deavor must realize that no vital « nee been made it 
compressors in the last thirty vears or more fhere have 
nen 1 provements in the way ol better vi es, a little rhner speed 
nd minor matters of this kind, but none of them has changed t 
ri e ot the machine or resulted in any great econ: either 1 
‘ t erat Space required, or « tof installation Moreo er, 
ese mnachines require a great deal of attention, and necessat 
re} I are expensive because in almost every Cust © i ( 1th 
ist be partly taken down in order to ret at the parts to be re 
paired, the bearings are numerous and are lubricated wi diffi 
Vv, al d the valves must be adjusted ma very de Wate manner 
ive Hest ¢€ he ne Because ot all These d sadvanta res in the 
reciprocating machine we are constantly striving to get on t 


We are 


planer with a unidirection miller and introdueing the 


inidirection basis in the mechanical world. replacing thy 


niflow principle in the reciprocating engine. | e automotive 
rid is searching for the unidirection gasoline unit na the 
‘atent Office records are full of rotarv valves, rotary engines 
nd rotary pun DD 

. The rotary principle, however, is so valuable that in spite of 
eir deficiencies three general types of rotary compressors have 
een re ned, namely, the centrifugal blower, the gear-tyvpe eon 
ressor, and the eccentric rotor with a telescopic blade lhe 
entntugal blower depends more upon the veloc It\ ot the air than 
pon compression and requires several stages to secure any con 


erable degree of compression. The gear-type compressor whieh, 
eaku Fr, COTMPTESS air between two veal with their teet 
f king it in at one side of the teeth and delivering it the 
! ery w efheieney, but is able to compress t higher 
? re ! ( I ( neimher of the other Vpes None ( 
ever, Colnpresses to over S or lO Ib single stare 
" Phe Cccenlcrice-roror itt elescomie-blade neot! Co re 
I been faulty in several respect Che fir ind greatest was 
\ hee iy Oo maintain a seal at one Pow between thre 
, ! rand the « nde This was a source of large friction | e 
ind the seal was soon broken by wear Second e blade pressure 
ae end plate and the inner surface of the evlinde recreated 
reat It on loss and still further wore the evlinder at the contact 
wint between the rotor and the evlinder wall. Third, the pressure 


Heme all 


work in and out freely, It was also found impossible 


a method of packing square corners, and hence the or 


Ce Mi inical Engineer, Wagner Electric Manu turing ¢ 
, St. Louis, M Mem.Am.Soc.M.E 
, . tation at the Annual Meeting, New York, Decs 1919, of 
A eo Y OF MPECHANICAI INGINEER The paper is h 
} ted oe stract form nad dvance copies of the omplet 
7 nee r upon application All p 


ipers are subject I j 


LOKD, 


on one side of the blade create d such frietion that the blade 


S| LOUIS WO 
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er ‘ , ‘ 

e te ‘ nd? 

] ‘ Ii { 
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\ ‘ 
‘ ! , ! ‘ , 
( ! ! ‘ ( } ‘ , r ? 
of Bell I 

| e ai Cu ne ‘ 
rotor rie e ¢ dey x Ml 
Hermansen developed at 
t the ame peripher Cor ee] ! ! ’ 
Vv the rotor Having bo ovil , raveli 
peripheral eed. no t thy sme a) slay eed ; 

no » between the wi nsequen ‘ ’ 

reduces to a minimum the blade frictior . cil 
the ©\ nder ren ise the 1 ‘ ayy F ‘ , . ‘ ‘ 
evlinder per compre e reve , ' nares ; 
iiferenes n e mreumterence ‘ P 4 d th 
nside ol { naer lr er! \ ? ’ (i) ' 
( inder Qe. u nad meter , ' . a te ; = eis 
pbiade ( er compre e re ] , erence 
bet ween ,] tla and $3.35 1 or lease in? it req ’ 
approximate 17 revolutions of the rotor for ne re ‘ ; 
the pDlade por © nder wa Phere re ! enings 
n the ¢ Inder, na = if ravels " "Ss } 4 ne P . , 
no difference hether the evilinder 1 rs seis \ a . 
standing still or reversing its¢ is far compre : ons 
cerned. Hlermay sen's principle ry itself valuels A ‘ 4 


by Mr. 


Rolaiff who at that time was unaware of the 


he afterward acquired, 


The diflieultv of excessive end pressure W overcome by float 
ng plates at the ends of the evlinder held in intimate contac 
with the rotor by pressure gene rated by the machine itself , e 
pressure upon the outer surface of the plates is greater than upon 
the inner surtace by reason of the difference of the area exposed 
to this pressure. This supplemental pressure is always in direct 
proportion to the pressure generated by the machine ence the 
additional friction is only what is necessary to keep the nder 
heads in close contact with the rotor and eylinder ends, and where 
the pressure is even slightly greater on the outside than on 1 


inside there ean be Any motion imparted to the rotor 


shaft will immediately be communieated to the evlinder by reason 
of the metal-to-metal contact between the twe In « er words, if 
the rotor is revolved the « nder will revolve w na ‘ 
evlinder plates will float with the evlinder or pi ! r between 
the two, as the case may he The friction developed is merely the 
friction of the wipi contac vetweel e ! r end nd t 
evlinder plates, since there is ver ttle or no friction in the rollin 
eontaet between 1t e rotor nad e « maer 
ot tTmetior het ween e end e blades nad eend t¢ W hen 
the rotor is revolve the } n blades ‘ ‘ ‘ 
flv out bv eentrifuca oree and remain in econtae wit! ( vliinder 
wall and the « nder heads nee centrifu fores ona 
wedy« eeps the in ich contact | ~ “ mri j ( 
Iriction But ealeulati this triction on the basis o ( n teet 
per minute, we find, for instance, t] on a machine « ble 
compressing 100 cu. ft. of free air per min. the piston-blade trave 
approximately ’. in., and since machine ¢ tvne dru 
at about 900 r.p.m. we ive the oOW1n ( Cu ol ? 
000, which wives 93 en. tt. and since the ur cee in cor \ 
cC\ inae r heads is very small, the total amount of Trictior enerate 
by this reeiproeating action of the piston blade py ! nate 
small 





These blades as developed are of two types, centrifugal and pres- 


sure. At present, the centrifugal type shown in Fig. 1 is used 


commercially. This blade consists ot one ol 


tour parts, 


is cut away as shown and on it are imposed three thin blades, B and 
C, of anv de red metal. Che two outside pieces B are be eled and 
the center piece € | between these, forming a wedge, and the top 
of Cis eut away to allow of movement vertically. Revolving at 
speed e center 1 e C is thrown out by centrifugal action, the 
ror exerte e prec B bei in aurectlol ‘ rrow 
‘| press eB eCeSs unst the sides and end ) eC 4 nde 
These aes are ( whiny and selft-adjustu 

sa The toree with which these blades 2B strike inst 
cornet! re ‘ Dy the meie OL the ner ile ik Lie 
\\ ( nter } | There are no springs whatever and the 
bl 1) ! d tor back pressure by having both sides exposed to 
eli er») re with a seat at the top of the slot in back, and as 
oil tron ‘ nder wall is seraped off by the blade.into the slot 
an effective seal is maintained. The blade A is about 2 1m. short 


on each end and makes contact 


with the evlinder 


the extreme corner and side. The discharge valve is immediately in 


front of this blade. In machining the rotor and the evlinder where 


a rolling contact is maintained between the turning of the 


LWwo, the 


cvlinder too large or the rotor too small would destroy contact, 


aking contact, a circular wedge is used. ‘This is an eecentrie 


For m 


cradle carrying the bearings for the revolving evlinder and is 


made with a threaded stud led through the outer casing. In prac 





tice the rotor and evlinder are assembled without contaet and 
. | 1 
B ( B 
] 
\ 
- eG B | tf 
ae , ——— J 
r 
It 1 CENTRIFUGAL TyPE OF BLADE FOR USE IN Rorary 


COMRESSOR WITH ECCENTRIC Rotor 


started on test. After a time, by drawing up on the wedge, the 
When this is found, the nut 1s backed off 


about ! , turn, so that on a 500-eu. ft. compressor the space is about 


proper contact is made. 


0.01 in., the oil making a proper seal and contact. Capacity ean be 
increased by taking a cut off the cylinder or rotor, or both. 

One of the greatest advantages of the compressor is that it may 
be direct-connected. It can be run at any speed at which a prime 
A 100-ton refrigerating machine is run 
at 600 r.p.m., a 1-ton or 5-eu. ft. size at 1800 r.p.m. That the 
piston speed is not too hich for efficiency is shown by data on a 


mover can be run safely. 


reciprocating compressor of 14-in. stroke and having 100 eu. ft. 
capacity at 200 r.p.m. The piston speed would be 466 ft. per min., 
or over 200 per cent in excess of a rotary compressor of the same 
eapacity run at 900 r.p.m., with a relative speed of 150 ft. 
min. between the rotor and cylinder. 


per 
The next advantage is in its 
space requirements. A 100-ton rotary compressor on its base with 
iis prime mover requires only 60 sq. ft. of floor space, whereas 
a horizontal reciprocating unit of the same capacity requires ap 
proximately 1200 sq. ft. plus a building, plus a boiler room, and 
weighs 100 lb. per ton capacity as against approximately 8 lb. for 
the rotary. It is usually possible to replace any pump or com 
pressor with a machine weighing less than the flywheel of the dis- 
placed unit. With the high-pressure rotary compressor, the volu- 
metric eflicieney at 100 lb. pressure is 90 to 92 per cent, depending 
on size, as against 65 to 85 per cent with the reciprocating machine. 

The rotary compressor without adjustment or alteration will 
pump gas, air, or liquid, or all three. When ammonia condenses 
in the coils of a refrigerating machine and a “slug” happens to 
get into the compressor, usually a valve or a eylinder head is 
blown off. A 5-gal. tank of oil can be poured into a rotary com- 
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whieh, A, 
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pressor running at full speed under load, as fast as the inlet 


will take it. 


pipe 


Sinee the end plates are held to the evlind r only by 


differential pressure, if the oil entering the cylinder cannot b 
discharged tast enough by the valves, the end plates open up llo 
the orl to pass out and en clos It is obvious that when pump 
ing thud continuously the pressures inside and t would a ne be 
different and be relative! maimtamed, so tl no lea e wou 
oceur. In other words, the loose end plates il Live 
iwhout ellort Sal nee iry area otf exit 1 ecured and the o1 
le ive the cy nde i lel pore ure oO raise the ¢ 1} ( 
bins teature is \ rie nop pin ho vater, o1 " ina 
Another teature of 1 construction is the possibility of 
Ing the compre r double-acting by plaein two blade ISO 
deg. apart, which would add 60 to 70 per cent to the capacity of the 
machine. Until recently, however, no effort has been made to do 
this as it requires an intake valve, which troublesome. In the 


Simple ised, the seal bet ween the rotor ar 


tvpe no intake valve Is 


evliinder acting as such. The major trouble with all air « 
pressors, reciprocating or otherwise, les in the valves, and the 
same trouble was found initially in the retary compressor. It 
aggravated somewhat in the rotary by the faet that eracking or 


} 


splitting of the valve in its cage was not immediately precentible, 


and it was possible for a valve to gradually break up into fine 


pieces and get into the evlinder. Experiments were undertaken to 


find a suitable material, and this has been done for cases where the 
temperatures do not exceed 200 deg. falr. In the 100-ton size the 
discharge valve is about 24 in. long by 2 in. wide, so it will be seen 


that the problem dilfers trom that of the reeiproeating machine 


Uses or THE Rorary COMPRESSOR 

The uses ol the rotary compressor include eve ry one possible toa 
compressor of the reciprocating type and some that are not. It 
iS possible to get 500 Ib. pressure single-stage; to get 1000 Ib 
pressure in three stages with the three units on the same shaft; to 


’ 


make it a low-pressure machine, giving it any desired capacity 
by making the rotor relatively small; and to give even more than 
1000 lb. pressure single-stage by reducing the displacement. As 
a vacuum pump it will pull 28% in. against a pressure of 180 |b., 
but to do this continuously with a compressor it is necessary to shut 
off the oil pipe, and for commercial practice it would be necessary 
The handling 


rotary compressor in question has already been asked to considet 


to have a self-contained oiling system. firm the 


the making of blowing engines for blast furnaces, as compressor 
of the rotary type do not take up more than 5 per cent of the roon 
now necessary. 

time as 


These rotary compressors are in use at the present 


boosters on refrigerating units for both high and low pressure 
The small household refrigeratirfg business has not grown beeaus 
it had been found impossible to secure a dependable compressor 
One manutacturer is at present building units using this rotary 
It is a 0.5-en. ft. 1760 r.o.m., is direct 
connected and is perceptibly noiseless, as are all other sizes of thi 
The 
Another manufacturer 
Still another has 


mum of 10,000 cu. ft. per year for street- car compressors. Another 


compressor. size, runs al 


compressor. rotor in this size is 17x, in. in diameter and 1 in 


long. is making the 3-ton refriverating 


size. a contract on which is guaranteed a mini 
use is as a small individual unit for refrigerating ears, run either 
from the axle direct, or with a motor from a turbine in the engin: 
Upon arrival At terminals, instead of the expense and waste o! 
icing, it will only be necessary to plug in. 

Used as an air compressor, the rotary compressor is ideal as t 
air is taken off at the center and the oil thrown out centrifugally 
to the periphery. No rotary pump is at present made that wil! 
prime itself, but this is not true of the compressor when used as a 
pump. Further, although no reciprocating pump manufactured 
handles CO, suecessfully for any length of time without need of 
repairs because of the high efficiency and the character of its 
cylinder construction, there would seem to be little doubt of the 
rotary’s ability to handle CO, continuously without repairs. This 
is in the future and also applies to hydraulic applications. 


(Continued on page 905) 








Common Errors in Machining ot Bearine’s 
By CHRISTOPHER HH. BLERBAU M BUFFALO, N 


The machining of bearings ts a subject which ha received hut 


















slight attention. and this de sprite the fact that wt ts an inportant one » Lin Cl! f ! a, © 
% To place on record some of the more common errors prevalent in tl 
- 
' ( 
fyypr of work, thre author im huis paper CLiSCUSsse fie ad mivants ‘ of 
tight-fitting bushings. the methods of finishing bras to provide for 
expa ron while running and = the methods of clampin bearings 
duru tooling He also takes up the matter of the to or ployed 
a and shows by numerous photomicrographs of finished irfaces the 
importance of using sharp tools with the proper rake order that the 
rvstalline structure of the surface material of the bearu may not 
he so crushed that u will fail to function as a normal bearing 
N ‘ ! ‘ r wert re I : : ‘ 
( r ! ! ‘ en pel ( 
’ riaiel ane l } ‘i? ? } ? 
I 2 ‘ ty T ? ‘ 
\ ) ! ive ite per re cont ele ‘ 
{ ‘ ‘ irol ind e le d 
P , 
) ) e iri not the journa e bent / 
el ‘ el ire ! e en ro Sil ral 
‘ rs 
earil ! ive n mrectable twit ‘ pri . . 
‘ ! kor is re n b ' ruld drive 
rt re " revent eness dur mer ’ ( , 
’ 
\r oro? ? ‘ ‘ or } 
a 
S ; Wit i ™x-in. If read se r ne 
0-Tb ,; pon a 12-in. 1 ‘ re} , 0) 
ean be earelessly exerted n the bu rue 1 
b } 
f ? ay ré ‘ peered ti ( ( ? risa 
{ 1 
never one t would be selectec ! ! Bu 
| j , , 
ed when ela ed , r «ye , ; : 
approaches a true cylindrical surtace, and if the are then driver 
I 1 Suare Epce PRopucep at THE EpGk OF AN OL GRoo : ; ’ 
BY AN ORDINARY LATHE Too! pon an arbor and finished on the outside a ver naecurate product 
the result, a bushing that can never give the most satisfactory 
rhe practice of driving in bushings so tight that they require ePrvlee The best and most satisfactorv method o dine hn 
re ! betore they ean be put into service cannot be eonde re 
° I 
everely. Lhe subsequent reaminy’ does not remedy the ¢ 
a bushing driven in so tight will and must continue to cor 
tra nwardly when in operation, since the outside pressure upor 
not re ed by the reaming. In the tooling of a bearing a dé 
an int of clearance should be provided tor. in order to insure 
d 
' 
| 
| 
PLIITI 
G4 
a b 4 
hic. 2) Improper Forms or LATHE, PLANER AND BortNe Too 
° ——<—$<$<——— 
{ } “) , : kia. 3 Cross-Section or ONE or THE T ( 
est service conditions. When a bushing is driven in too tight. Moror-Truck-Drive Worm WHEE! 
ath rh it is been reamed before beine placed in se rvice, the 
in ! ot ] “* 1 ] } ¢ he liey » heeoames matter of ' , : . 
clearance which it will then have becomes a matter otf ines for tooling is that of clamping them endwise. a imnestance 
ri r] he aman > 91 8 eines eetinieeet 7 iad é ‘ 
! and the amount of oil-film space provided an uneerta of this is verv generally underestimated: in general. bearines 
° t\ CO t ‘e , , > . : ae oO 1 hearing 1 = 
, ndition frequently gives rise to heating and bearin should be held in a manner such as to produce the least possible 
tre hles ’ nm ti o — — - ‘ 
z ibles, even though the amount of internal contraction may no amount of strain and distortior 
we su ent to positively grip or stop the journal, The idea that 
bushings must be driven in tightly in order to hold them in place ( a a | 
} F . . . Go rhe S ( ~ 
is fundamentally wrong, and excessive tightness of the bushing in 
its housing should always be avoided. For all ordinary machinery The matter of chamfering oil-groove edges deserv pecial 
it will suffice if a bushing may be driven in place with a blow of @ttention in that all advance edges of a bearing should be rounded 
the hand or with a small block of wood. The provision of fasten and chamfered off, and the fact that this work should be done last. 
 Vice-P after all of the other tooling of the bearing has been completed, is 
ice-Pres. Lumen Bearing Company, Buffalo, N. Y. Mem.Am.Soc.M.1 : \ KR Fr 
: oe —_ in " , om ‘an tant of , 
; For presentation at the Annual Meeting. New York. December 1919. of important. At ain Fig. 1 is shown an ordinary lathe t at tl 
ote \MERICAN Sociery OF MECHANICAL ENGINEERS. The paper is here edge of a groove on a finished surface. It is obvious that there 
: nted in abstract form, and advance copies of the complete paper may . . . 
ve obtained gratis upon application. All papers are subject to revision are being exerted two forces upon any surtace which is being tooled, 
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one horizontal or parallel to the finished surt'ace and the other ver 
eal ort direction normal to that surtace. The resultant of these 
wo ces is a force indicated by the dotted arrow, in a direction 


ena to deileet the edge of the groove obliquely downward: pro 


ducing an elfeet which is shown somewhat exaggerated at b. Fie. 1. 
It can readily be appreciated what an injurious effect is produced 
l! 1 ih rit l ny tooling Is done atter the oul erooves have heen 














ric. 4 PHOTOMICROGRAPH OF FieLp ar a, Fig. 38 (GO Maanirr 
PIONS), SUOWING DISTURBANCE OF CRYSTALLINE STRUCTURE D 
ro THE Use or a Duet Hor in Toouine 


eut, especially so it the direction ot rotation ot the journal IS Oppo 
site to that of the tooling. In all cases sharp edges of the groov 
prevent the formation of an adequate oil film and should be eare 


fully avoided. 


Wuy Berarinc Surraces SHoutp Be Macuinep Witrn Suare 


TOOLS 

For best results it is very necessary and it is also general prae- 
tice that a cutting tool should have rake. The tools shown in Fig. 
2 would be readily condemned even by a person with a very 
limited shop experience, and no journeyman machinist would 
think of setting a lathe tool as shown at a,a planer tool as at b, ora 
boring tool as at c. In the ease of the latter, the amount of normal 
or radial pressure which it exerts upon the finished surfaces is far 
in exeess of what is necessary. Consider now the standard multi- 
ple-eutting-edge reamer which is very often used in finishing bear 
A 2! 


of bursting 


ings. o-in. reamer would have, say, 14 edges and the amount 
or internal pressure that it would exert within a bush 
ing would be at least 14 times that exerted in case the bushing were 


reamed with only one improper tool as shown at c, Fig. his 
practice is one that cannot be condemned too severely. 

The final finishing in bearings should be done by reamers or 
cutting heads having only one or a very limited number of cutting 


edges, and these cuting edges should have the proper amount of 


rake, such as would be given to any other proper cutting tool. Ex 
periments made in a large manufacturing plant on bushings of the 
same dimensions, from the same lot of material, finished at the 


same time (some, however, being reamed with the standard mu! 





EDGE bp, 
WILI 


Fic. 3 


NO! 


PHOTOMICROGRAPH (0) 


SUFFICIENT RAKI 


OF 


tiple-eutting-edge reamer and others with a single cutting blade) 
had 


been reamed with a proper single eutting edge retained their aceu 


showed that after a storage of six months those bushings which 
racy and shape much better than those finished with the so called 
standard The latter bushings exhibited a decided tend- 
inside to 


reamer, 


ency to decrease in diameter and assume inaccurate 


elliptical forms. It was also brought out at this time, that not 


DISTURB THI 


lik JOURNAI 
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mly did a super “odnet manit the vy { } , tool 

Onts aid a superior product result Trom: the ise ol a propel ool, 

but that by its use the production could be inereased tro 9 to 20 
per cent. 

Dereetrs IN BEARING S ces Rev \l ' 
Another reason Wit pearin irtaces ‘ dsb ed WwW ! 
sharp tools having thi yrroper amount of rake is brought out by 
I : ‘ 

a muicroseopie studv otf bearn urtaces orde! ooob 

tain the tull \ le ¢ bearing alloys it Ss necessary Lhese 

alloys should te opore ented is iM rit irlace 1! ell 

natural ervstallization undisturbed he reasor ! IS 

eiven in the report the Society's Resenre Sul til «t 


The 


embedded I sorter 


on Bearing hard or bearing erystal ould be 


material, per 


adapt themselves to the journal surt: 
conditions wil 


lr 


preserve the nat 


under proper service 


surtace of the harder ervstals. order to 


ditions it 1s necessary to 


ss = 

- - 

J = 

- / 

J ~ 

— = = 
—————_—_——_—— ee 


irtaces, but Is cannot 





upon the bearing 





have been mutilated by lnproper tooling, This mu tion 
\ of the bearing surtaces gives rise to the crushing of the re 
I harder erystals and embeds these crushed particies Into a com 
pressed material which does not function as a normal bearn alloy 
A very forcible illustration of this is furnished by the bronze 
worm wheel of a certain motor-truck drive in whi he te had 
been finished with a dull hob, Fig. 3, showing a cross-section one 
Fic. 5 Vorrion or Fic. 4 More Higury MaGniriep (120 MAGNIFICA 
TIONS), SHOWING CLEARLY THE CoLtp-Ro__ep Errecr ON THI 
BEARING SURFACE OF THE TooTu 
of the teeth. After giving unsatisfactory service the worm w ee! 
Was examined in the usual way by chemical and pliysical tests, 
neither of whieh showed any detect whatsoever. On the other 
hand microscopic examination showed that the trouble was due to 
improper tooling. Fig. 4 shows a photomicrographie section of 
a field at a in Fig. 3. This view elearly shows that the natural 
crystallization of the greater part of the area has been disturbed, 
and that the edge of the tooth has had a cold-rolled or wire-drawn 
; 
. 
MAGNIFICATIONS), SuowinG THat a Suare Toor with 
(*RYSTALLINE STRUCTURI 
effeet produced upon it by improper tooling. It is true this effe 
is not very deep, nevertheless it is the very surface which is broug!t 
into play when the worm wheel is put in operation. Fig. 5 show 
a part of Fig. 4 more highly magnified, in which the eold-roll 
ellect upon the surface is seen to be even more complete, a eond ’ 
(Continued on page 907 
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Kerosene as a Fuel in High-Speed Engines 


By LAWRENCE F. SEATON,!' LINCOLN, NEB 


{tlthough conside rable work has been done toward the use of kero ne culo! ete! eq col ‘ \\ I I ( ! er 
sene as a fuel for internal-combustion engines, there still exists a the water passir throu ‘ ibn , e ¢ enteri 
controversy regarding the correct design of a vaporizing system, and the shell. he « t t e cold 
very little work has been done toward determining the distribution of tribe re t dow , ‘ ' , 
the heat evolved by the fuel lo study the S¢ proble ms the author ot combustion were conde ‘ ' r 
made a series of tests on a high-speed heavy-duty type of engine using to have a valve placed ‘ vhere ; ea ed p 
kerosene asa fuel These tests form the basis of the paper, and the calorimeter and one it , ree ’ , aay 
apparatus used and the manner of conducting the tests, are discussed ail ese j 3) le tn dota ni ; . lid cor 
n detail densed durit en — \ ni . ed . p de of 

. ‘ I il! ! « eT! ed Lor I I I \ T T t rT 
i the present time there is a great deal o rove! ! well wen whaced %s » trees time ment mpegitnes t the 
om Bers of 5 speed gas engines re : ie temperatures might be comp red W se s nb é rol 
a ; sore 5 egg vat : — - eter, aiso placed in the Db Pass in¢ 

rie Phere ilso been very little done in regard to deter nil The load carted by the earine was : a 

e distribution of the heat of the fuel, whieh is used in high-spe Sprague electric dynamometer, and the load was so constant from 
engines. Another idea, which is lkewise much disputed, is the ae ne aries ida sn shies ieeaeiak wisdame dental dank: Alias: cabelas i aia ataidil 
effect on the erankease oil, due to particles of unvaporized fue Nhe Glee: te ute the Sante of enolesions tailes eineieel 
ing bv the pistons and entering the crankease, and it was there throttle opening A water manometer was placed on the exhaust 
fore decided to fit up a lngh-speed engine in such a way that the sate tim dateniies thee back wnaeune at 6 be sath Haat Biclliaeen aie eslan 
foregoing conditions could be carefully and aceurately studied acl called 

DESCRIPTION OF APPARATUS M wER oF (" , 

The apparatus used, and upon which these tests were conducted, e engine was started and brought up to a speed of 1100 r.p.m.. 
is shown in Fig. 1. The motor which was tested was a 445 x 5)o-in the speed recommended by the makers. by means of a load con 
high-speed, heavy-duty type and was equipped with a Kingstor narted te 0 theattia lnticstiy valve rhe load was then put on the 


carburetor connected to a specially designed vaporizer. The 





exhaust gases were piped directly from the exhaust man 
fold to the calorimeter. There was also provided a bypass 
pipe from the top of the exhaust manifold through the 
vaporizer and back to the calorimeter, and by means of 
dampers any amount of the exhaust gas could be sent 
through the bypass making it thus possible to maintain any 
desired temperature in the vaporizer. Pyrometers wer 
placed both in the bypass and in the main-line exhaus 
\ thermometer was placed in the intake manifold leading 
to the motor block. The air leading to the carburetor was 
maintained at a constant temperature, by means of an ele 
tric heater. A manometer was connected to the intake open 
o the carburetor, and in this way the suction pressure 
was measured 


lwo Tabor engine indicators were used, one fitted with a 








240-Ib. spring for measuring the average combustion pres 
re, and the other with an 80-lb. spring for determining the 
, , hic. 1 APPARATUS USED IN CONDUCTING THE TESTS 
compression pressure. A Dixie high-tension magneto pro 
vided with a Starting coupling was used throughout the tests tor engine by means ot the dvnamometer. A senes of tests was first 
Tis ‘ ! 
gnition. A valve was placed in the bottom of the crankease throug run with various temperatures in the vaporizer, air entering the 
\ +} ) Se ; ’ 
eh the oil could easily be drained in order that its temperature, carburetor at a constant temperature. The temperature of the in 
gravity and weight might be act urately determine 1. \ water-spra\ tuke air was mainta ned at 115 deg. tahr. and the ten perature 
] } } ) } } 1° 
nozzle was located in the intake manifold in order that wate around the vaporizer is inereased trom an initial 150-dee. by 
might be wv troduced at hig! loads to prevent preignition. Loo deg. Increments until 1 temperature ot OoU dec was ! ill 
lhe weighing system for the cooling water consisted of two lare« tained on the bypass pvrometer. ‘This eorresponds to a temperature 
t rn! ’ ] i ] ‘ ; ? 7 = ] ] ] ; 
Sand a seale, and the water was weighed every tifteen minutes ot «so deg. in the iporizer, and in order to obtain t 3; econditior 
he fuel was we ivhed ona specially designed scale connected wit if was necessary to shunt all the gases through the bvp at le W 
hear hall e +. " } } ' . ’ 
{ ell contact, whie thus made accurate readings Possible oads. Che loads earnied under this condition were approximately 
Fuel was piped from the fuel drum up to the kerosene tank, the 5, 10,15 and 20 hp. The length of test run on each load was two 
drum being so arranged that air pressure could be used to force ours. These series of tests are known as tests 1. 2. 3 5 and ( 
fuel roug! the pipe into the tank on the seale. At high loads and the average results ot tests 1 , end 5 I ids of 0. 5. 10 
was necessary to fill the tank between readings, and it was there and 20 hp. are given in ible 1. which will be und it oo 
ore necessary to correct only for the time which it took to fill the plete papel 
ink ‘ eae 
scpcieetn ests were also made increasing the temperature of the intake 
Prod. Mer Hibb Motor ¢ ompany Lincoln. Neb Met (m.Soec.M.E ir by increments ol 10 ce r 1 if is. the rst test is nm main 
at the Annual Meeting. New York. Dec: er 1919. of taining a temperature of 650 deg. on the bypass pvrometer and 
SOCIETY 01 MECHANICAL ENGINEER lhe paper is here 125 deg. on the intake air. Thuis test is known as | 1. The next 
form, and advance copies of the complete paper may 
on application All papers are subject to revision tesT, with a eonstant temperature in the vaporizer, and another 
RR] 
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10-deg. rise in the intake air, is known as test E-2. This process 


; 


was continued until a maximum was obtained at which it was 


thoucht practi able to run the engine, according to both the amount 
of power obtained from the engine and to the fuel consumption per 
hp. The average result of these tests will also be found in Table ! 
of the complete paper. 

At the end of the series of E tests, which was thought to cover aul 


conditions commonly met in practice, it was decided to run a test in 


which the limit of the apparatus was reached as tar as turnishing 


heat to the mixture was concerned. Tl IS test 1s known as Test | 


; 


All heat from the exhaust gases was thrown through the vaporizer 
and all possible current was passed through the heating cous in t 
ait earer, Indicator eards were taken at 1D min. intervals in orde r 


that the combustion pressure might be ascertained and also to det 


mine the evenness with whieh the fuel was burning in the c\ 


inder. 
The indieator drum was not connected to the engine but simply 
turned by hand, leaving the indicator cock open. The pressure of 


successive explosions was clearly shown at the end ol each tes! 
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hic. 2 Curves or DeELiveERED HORSEPOWER vs. POUNDS or Furl 


when the spark plug was short-circuited and a light spring used to 
determine the compression pressure. The oil was cleaned out of the 
erankease at the end of each run, when the temperature, gravity 
and weight were determined. This was done in order that some 
definite information might be obtained as to the effect of kerosene 
on the lubricating oil, especially when run without sufficient heat 
to more or less perfectly vaporize the fuel. 


RESULTS OF TESTS 


From the summary of results and from the curves plotted be 
tween delivered hp. and Ib. of kerosene per hp-hr., as shown in 
Fig. 2, it will be seen that the thermal efficiency of the engine was 
practically constant throughout all heat ¢hanges made as previous!) 
described. It will be observed, however, that the motor became 
much more flexible, especially when the temperature of the ingoing 
air was raised, as this in turn raised the temperature of the ingoing 
gas materially, much more, in fact, than was possible by increasing 
the temperature in the vaporizer, for the reason that a small area 
was exposed to the hot gases in the vaporizer. It was found that 
at low heats the motor would not idle down below 800 or 900 r.p.m. 
At the exceptionally high temperatures of the ingoing gases—about 
375 deg.—it was found that the engine could be idled down to 
150 r.p.m., and would pick up almost as well a8 when burning gaso- 
line, and that the engine could be started on kerosene. 

Since the fuel-consumption curves shown in Fig. 2 are practi- 
cally identical throughout the conditions covered in these tests, 
it seems probable that about the same percentage of the fuel was 
burned in the eylinders under all the conditions covered in the 
test. This is also substantiated by the fact that the amount of 
kerosene deposited in the crankease was practically constant for 
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wll conditions. The only advantage in heating the ingoing air and 
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Fic. 3) A Typtcan Hear BALANct 


percentage of heat dissipated through radiation and other ur 
measured losses, which includes the amount of fuel deposited ir 
the erankease, increases as the load increases. This, no doub 
accounts for the increase of unmeasured losses as the load inereas« 
It is the belief of the writer that a motor designed as follo 
would handle kerosene at all loads successfully: The piston d 
placement should be greater per horsepower than that commor 
used, a higher compression pressure should be obtained, the intak« 
passages should be large and short, and the intake gas should b 
heated to a temperature considerably above the boiling point o! 
kerosene. This probably would be done with the exhaust gases, 
necessitating an automatic temperature control at all loads. 
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Industrial Unrest 


Problems Relating to Present Industrial Conditions Discussed by Two Leading 


Authorities on Economics and Sociology 


Industrial Unrest has been the subject of two addresses recently 
delivered before the New York Section of The 


Vechanical Engineers. 


{merican Society of 
On the evening of September 17, Dr. William 
V. Leiserson, formerly Chief, Division of Labor Administration, W ork- 
ing Conditions Service, U.S. Department of Labor, outlined the history 
of industrial unrest, and in the course of his address described the 
various classes of strikes. At a meeting on October 9, Dr. Henry R. 
Seager, professor of political economy at Columbia University, dis- 
cussed the subject more especially from the viewpoint of the employee. 
Summaries of the two papers follow. 


INDUSTRIAL 


By DR. WILLIAM M. 


UNREST 
LEISERSON 


i vP industrial unrest of today may be better understood by 


a study of the important facts concerning its growth. The 
labor problem is more than an industrial and economie problem, 
We should not 
questions as strikes, production, closed shop, collective bargain- 

unrest and 


it is a social and political problem. isolate such 


ing, olshevism, but should study the background 
and history of the labor problem, the character of the people that 
are restless, the different problems of industry from every point 
of view and obtain, if possible, a bird’s-eye view of the whole 
problem, from the time when industrial unrest first began to ap- 
pear to the present day. 

The labor problem is a problem of controlling our great masses 
of individuals to a common purpose. It has always been argued 
that the mass is too ignorant to be eapable of rising to a higher 
level. This principle was followed in the early centuries when 
society was held together by religious leaders who issued the 
But how 
ever ignorant the majority may have been, there were some who 
rose out of the mass with a new purpose and led them to religious 
democracy. 


orders of the priests and popes to the common mass. 


Political democracy was the next big question. Kings and nobles 
and people with political power issued laws and orders through 
established forms. The ordinary common man was not expected 
to know anything about government. But here again, contrary 
to the expectations of those on the higher level, the mass rose, 
demanded some share in the government and won the right to vote. 

“And now,” to quote Dr. Leiserson, “that great mass of rank 
and file insists, ‘We must have a say in the government, in the 
You 


ean say from now until doomsday that they don’t know anything 
about industry. 


management of the industries in which we spend our lives.’ 


Well, they didn’t know anything about govern- 


ment or religion. Certainly they knew very much less about 


government and religion than they know about industry, because 
they, at least, work in industry. And they now insist on a voice 
in the management of industry.” 

We can no longer argue that the mass is ignorant. The group 
of people who have held that the common people will always 
remain where they are is gradually giving way to two other groups; 


one of these believes that unless the whole mass rise at once the 


problem cannot be solved; the other group sees what is really hap 
pening, the gradual rise, stratum by stratum, of the working 
Dr. Leiserson illustrated this by referring to the rise and 


fall of prices. 


people. 


“In the United States this industrial situation that you have 
today has repeated itself at least half a dozen times — the same 
sort of unrest, the same sort of thought that we are having now. 
We have had periods in the history of the country when 


pro- 
portionately we had more strikes than we have today. 


At every 
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period of rising prices in the history of this country there have 


been great numbers of strikes, great numbers of rebellious move 


ments among working people. In the Ilistory of Labor in the 


United States by Professor Tolman you will find a ehart which 
really represents the backbone ot the industrial question, It OWS 
our prices rising, falling; rising, falling; rising, falling. And 


about 1819 there was a period of rising prices, and our first real 


labor movement began then. From 1827 to 1837 we had a very 


time of 
’ 
labor 


remarkable rise in prices. You remember that was the 


the wild-eat banks: and during that time we had a national 


organization in this country, back in 1837, and proportionately at 


that time there were probably as many union men, as many 


organized labor unions, in 1837, to the number of wage earners, 
And particularly from 1835 to 1837, you had 
strikes, and had a 


And then from 1837 down to almost 


as there are now. 
workman's 
1850 we 


this remarkable number otf you 


party at that time. 
had one of the longest industrial depressions that this country has 


ever known. The bottom seemed to have fallen out of society 


And you had very little in the way of a labor movement at that 


time. From 1850 to 1855 prices went up again. In came the labor 


movement again, union. Then the slavery question knocked every 


thing out, and the war came on, and prices went up, and you had 


labor unions and strikes and wage earners trying to get control 


of industry just the same as today; and after 1870 there was 


again a period ot depression ; and today this enormous rise in 
prices, in cost of living, is what is causing all your trouble, just 
the same as it did before.” 


Dr. Leiserson went on to analyze this situation. <A rise in the 


cost of living affects the standard of living of the workingman 


Then comes danger, not from the very poor, those on the starva 
tion 


line, who have nothing to lose, but from those somewhat 


higher up, who have gotten used to a higher standard of living 
During 
times of falling prices there is a great deal of talk of socialist 


and do not want to give up what they have gained. 
or communism, such as the great socialistie movement from 1837 
to 1842. But 


standard of living is threatened and we must have more.” 


when “Our 
This, 


it would seem, is the opportune time tor the wage earner to im 


prices are rising the workmen say, 


prove his condition. 


The character of these movements of the working people to 
better their conditions, to get a larger share in the products of 
industry, depends upon the character of the people who are the 
wage earners. Pure Americans made one kind of demands, Irish- 
and German-Americans another, and today Polish and Jewish an: 
Italian and other European elements are making a different kin 
of a demand, and the problems are different. The first labor uw 
rest in this country, for instance, was a politieal question. T 
situation was similar to that of today, except that the chief deman 


of the workmen in 1837 


was the right of unpropertied peopl 
vote. Later, after the Civil War, wage earners fought against 
introduction of machinery. Then employers brought rural Amer 
cans into the cities rather than grant the demands of the org 

izing workmen. These, in turn, organized and employers broug 
in immigrants to take their places. And now it is this foreign « 

ment, introduced at the time of the great strike in Homestead, 
1882, and a big steel strike in the 90's, that is organized and str 
ing that it may maintain the standard of living which it has adopt 
in America. 

Keeping this general history of the labor problem in mind, 
is possible to analyze the strikes which are a result of the industri 
unrest of today. Their character is more important than the 
number. 


The largest number of strikes, numerically, are unorganiz 
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strikers are unorganized 


ing people In a tvypieal strike of this class, the majority of the 


were foreign born, 1norant 
rin had The dealings \W 
But iI had kept ifs emplove 


oL the open nop type, 


| to ow to exnpre their grievance Wit out ar iT ! 


wr finar | suppor without any detinite ormed «de ! 
r ( ey could not obtain ‘ port of a Y 
e\ ere} ! d nd tor ‘ e reasol t ! 
er presented rm thr e 
rr ner, were rey 1 hie trike rad adi ‘ 
et Cll ainate ce I 
. a “a 
4 rs ty ( ! ! ’ ’ ) 
‘ ! ‘ wher ‘ 
' nal one ey I ( 
! ird ! 1} ‘ ex 
! ( iD) e! t to nize ane rike 
ij ‘ ‘ (meri ’ iw or ’ y ? i) 


I (if W ere ‘ ! ‘ | 
( I ! We ‘ I ‘ I \\ 
. re ‘ . " ‘ 
norranized st1 . =_ 
eC clerical ¢ lover lhe vr ’ . 
reatenu ell ndard ot ! nd the time ! I 
- en the rowing dissatistac nw re n orgal 
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f er hand we have e organized rike ed b 
nor e members of these unions are skilled workmen, 
e been organized tor some time, and have very defi: 
what they want. The American Federation of Labor ha 
rganized the immigrant elass which is found in many ir 
es, D In thie packing and steel industries it has beet eadils 
l ward organization. In the packing industri a medi 
; wointed by the War Department during the war, and 
. 1 . ’ 
( re adjusted throu him. In the steel industry, how 
e corporations would have no dealings with unions. Dw 
, f ir they handled the situation by paying such high wages 
ertime that there were no strikes. Now the American Fed 
I Labor organized the emplovees of Lhe steel] industrv. 
’ foreigners and American, and because the corporation sti 
» its position, a strike is imminent. 
e main point of difference is this: The emplovees, through the 
ant collective bargaining. The corporations avoid the 


protessing to want the open shop, which is not. as they 


aduet it, a fair partnership. Their statement is this: “If any 


as a grievance will come to us and tell us about it, we 


x it up; and if we don’t, he is perfectly tree to vo somewhere 
( They give the employee the choice of the little piece or 
\\ hen the corporation finds that the open shop method is 


dangerous to its interests if declares the closed shop. It 
deal 
eal 


? 
ne, 


will not 
with unions, but when its own methods fails it is quick to 
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cide, ‘I will work so long; I will get so much!’ He won't : ret 
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majority will rule.” 

Today the radical opposition t e Fed n ol I 
given place to a more conservative opposition. On both the labor 
side and the employers’ side a new kind of unionism is challengi 


the Federation. The new unions, the labor union and the compar 


union, are similar in their principles to the Federation and, ther 


fore, especially dangerous to it Each one, to some decree, 


working for collective bargaining. If ecolleetive bargaining is 


going to succeed it ought to be centered in one organization If 


the American Federation of Labor is to be this central oreaniza- 


tion it needs to improve its own efficiency, for some labor unions 


are in many ways superior to it. It must be able to understand 


tl IS eradual uplift ol the working people, Satisry their constantly 


1 


increasing demands and help them maintain their standard of liv- 


ing without jeopardizing industry 
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THE HUMAN FACTOR IN THE 
OPERATION OF INDUSTRY 


DR. HENRY R. 


URING the war every country demonstrated that there was 
latent in its industrial population productive power of a 


volume tha 


SEAGER 


By 


had not been imagined. Wherever it was possible to 


substitute for the ordinary productive wages motive, the motive 
of desiring to do one’s utmost to win the war, the productive result 
was amazing. The armistice had hardly been signed, however, 
when labor troubles began to prevent production equal even to 
that before the war. 

The key to the solution of the labor problem, as it appears to 
Dr. 


is to try to earry over into the period of peace that hes before us 


Seager, is found in his statement: “The problem in essence 
some small part of that eager codperation that we had between 
employer and employee in some of our munitions plants and in 
some of our other big producing plants while the war was going 
on, when both sides for the time being forgot their differences 
and threw themselves into the work of production.” 

Dr. Seager outlined four Ways of handling the labor problem 
that are currently being tried. One of them is the method of the 
just and generous small employer, an illustration being found in 
the Mr. Endicott, a Mr. Endicott 
states that the secret of his immunity from labor troubles for some 


ease of shoe manufacturer. 
35 years is that he always met any one who wanted to see him, 
he and that 
he always tried, not only to keep in touch with the needs of his 

But 
appli 


whether a labor organizer, or whoever might be, 
employees, but to anticipate their needs before they arose. 
this method used by Mr. Endicott and also by Mr. Ford is 
cable only to a limited range of industries; and, moreover, every 
employer in an industry cannot do better by his employees than 
every other employer, as is the case with Mr. Endicott and Mr. 
Ford in their particularly well-organized industries. 

A second method that is being tried in a great many different 
ways and detail is the method of the giant corporations like the 
Steel Trust, which tries by means of welfare workers and by 
means of profit sharing to content its employees and discourage 
them from going in labor organizations. From a hardheaded busi- 
ness point of view this method has had much to commend it, but 
when the problem is studied from the point of view of the em- 
plovee, we find that the wage earners consider welfare work and 
profit sharing as the tender of a mess of pottage in exchange for 
It does not 


develop loyalty to the employing corporation, because the em- 


the best life of a free-born citizen in a free country. 


ployees feel that they are being bought, being deterred from doing 
something that they think they ought to have a perfect right to 
that labor organization and deal the 
employer through representatives. 

A third method that deal of 
discussion at the present time, is the method of the shop eom- 
mittee. One employer told Dr. Seager that he had developed this 
method in his plant to a point where he believed he could leave 
even the determination of wages to the shop committee. He ex- 
plained that he laid before the committee all the facts in reference 


do, is, belong to a with 


method, a is reeeiving a great 


to his business, and that as they were put in a position of respon- 
sibility for deciding all questions in the light of the faets, he eould 
depend on their deciding them fairly. But the experience of this 
employer was possible only because it was a small-seale and rather 
simple business, employing rather high-class emplovees. 

A fourth plan that is also beginning to receive a great deal of 
attention, more in the United Kingdom than in this country, is 
the plan of joint industrial councils. Up to the present time 
some 75 of the important industries of the United Kingdom have 
organized industrial councils. In industries 
labor and employers were already well organized, and were in the 
habit of dealing together. 


these joint these 
They organized this joint organization 
or council in which both sides are equally represented, which dis- 
cusses the important problems of the industry that concerns the 
wage earner, and discusses it, not merely for a single plant, but 
for the whole industry. Underlying these joint industrial ecoun- 
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cils are shop committees or works committees, as they eall them 
in England, and district councils, which bring together the rep 
resentatives of the employers and the employees in the distriets. 

Of these four plans the last two have been developed on the 
basis of an attempt to understand the wage earner’s point of view 
and to take account of his desire to have some share in determin- 

They differ from 

the plan of the Steel Corporation, in recognizing the right of the 

They 


ing the conditions under which he is to work. 


employees to organize and eneouraging them to organize. 
differ from the method of dealing with the labor organizations as 
they have been organized in this country, in that at the basis of 
them is an organization of the employees of the plant, shop com 
the 
the 


works committee, with negotiations between 
the 


mittee or shop 


committee and representatives of the employer in plant 
deciding aS many issues as possible. 


decided 


England, to a district 


Only issues that cannot be 


within the plant are carried up, as it is worked out in 
council, which represents the industry a 
little more broadly, and only those which the distriet council cannot 
decide are carried up still higher to the joint industrial councils, 
representing the whole country. 

We have passed away from the condition of small-seale pro 
duction and entered a period in which production through giant 
corporations is becoming more and more the eharacteristie method 
Along the 


hetween the employer and the 


of production. with that is lost inevitably contaet 


employee, as in the ease of the 


Steel Corporation. The eapital 1s provided by stockholders, and 


t! controlled through a board of directors, whiel 


functions through small 


ie business is 


er committees made up of men of large 


financial and business interests. These men naturally live in the 
financial centers of the country while the industry, on the other 
hand, is located in the industrial centers. Personal contact between 
the employer and the employee is out of the question. 

There is no doubt of the eeonomie advantages of an organiza 
tion like the United States Steel Corporation, but sueh a eorpora 
Mr. Endicott Mr. Ford 


In considering these different plans, this new situation of the giant 


tion eannot follow the methods of and 
corporation dealing necessarily at long range with its employees 
must be kept in mind. 

The qualities that, under these new conditions, an employer 
should have to deal suecessfully with the labor problem are, first 
an attitude of good-will toward his 
If they feel 


that he is trying to get the better of them, their reaction can be 


of all, persistent good-will 
employees that will inspire them with confidence. 
counted upon with certainty. They will try to get the better of 
There 


is nothing that the wage earner is so responsive to, one way or thi 


him at every point. Second, insistence on square dealing. 


other, as fair dealing. Third, a sympathetic understanding of the 
point of view of the employee. The real employer has good-wi 
toward his men, and square dealing is very, very common. But 
on the third qualification, a sympathetie understanding of th 
point of view of the employee, of his legitimate desires and hi 
aspirations, employers very often fall down. otter 


Chey very 


fail to see the thing from the employee's point of view. 
It is also important to consider what are the reasonable demand 


An 


for employees summarizes these as: “First, good pay with oppor 


and legitimate aspirations of the employees. advertisemen! 
tunity for advancement; second, reasonable hours with frequen! 
resting periods; third, safeguards for health; fourth, ample pr 
vision for comfort and convenience; fifth, association with ot 
worth-while people; sixth, protection against financial loss in « 
of sickness or accident; seventh, work that holds the worker's 
terest all the time.” The last-named demand Dr. Seager beli 
to be the crux of the diffieulty and the underlying motive of t 
Holding the interest of the worker w 
The w 
itself was the same old work, divided more than before in mat 


different plans discussed. 
the seeret of the success of some of our war industries. 


cases, but a tremendous interest was given it because every worke! 
felt that he was working to do his bit for his country, to help w: 
the war. From this point of view, Dr. Seager elaborates these four 
methods and speaks of others. He discusses several systems 
paying wages, of which a most common one is the day-wage syste 

Everybody who has had experience with employment feels t! 
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eC t to be about the last resort f) j ( i! 0 
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! r we et lover. Receog ! eu 
e bar ! plan whi Dr. Seager believe 
ries ‘ (dy nized hor nior el tw ¢ eT atte! I 
( ron ( é robiel While is ter ‘ ‘ ‘ 
( ( ! ( rit e return of the in t 
e tact ! ellorts depene ‘ ( 
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! there 1s only a certain at nt « wor! 1 
P prevalent 
™ I ‘l I! e pom} I view ¢ ( ! T 
nterest of the emplovee ir wor! thre op 
! nd the oint industrial plan eon I Poss 
( CT plans do on ne same scute | é OD-¢ mimittec 
n that reeognize the des re of the emplovee to ave 
tracts with the larger aspects of the industry, to get out of 
r monotonous job into an appreciation of the lngeher 
( nd istry, so that he may feel that e has some part 
‘ reer aspects, not in managing the industry exactly, but in 
! nar t, and seeing its relations to other industries. The 
r\ oOo onjects tot 5 plan on the ground t tthe emplovee 
I be miven a share in the management of the busine a. 
e wrong point of view. 1 p-eommiuttec 
ef CIN pPlove n the larger aspects of the busine The 
comes to the surtace in almost every dispute it The 
ear ve little or no appreciation ot the limitations that 
e emplover. T e shop committee phar ives el 
of the problem and some insight into the employer's 
The more they ean be taught about the problem tl 
ronts the employer, the more modest their demands will be an 
rreater their insight into these broad problems of industry. 
necessary accompaniment of the shop committee plan is the 


opment 


ot joint national councils, because after all one plant eannot 
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( niry could 1 I EXIST ! I ave na re new 
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If we ean ti ese men as fi er re n 

e responsib! eS « mau ni (; el ! \ ‘ ot 

to recognize ( I cy Cll nd I revel re I 
eonnection Wi e reculation 1! ! I 


relations between emplover and « ee: for the sake of the 
rger production that will re t trom better relation ! é e 
ot the larver incomes t at we: eniov as a re ] 0 T er 


production, and for the sake of preserving our democeratie in 
tutions by mal ing our democratic & 
efficient through the lifting to a higher plane of the intelligence 
and the ability and the sense of respon ibility ot the ware earner, 


I believe we must heed this new spirit and this new attitude.’ 
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Classification « 
he method of el: 
Division of Engineering 


T © explain t 
pared by the Industrial Research 
dation and the National Researeh 
it has been difficult to brine cert: 
an endeavor has been made to d 
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Information 


issifying the various notes in the 
Research, the classification pre 
Committee of Engineering Foun 
Although 
un notes under this elassifieation, 


Council has been used. 


» so. In looking up a subjeet the 


question should be asked: “Under which of the general headings 


does the subject naturally fall ?” 
will materially aid the readers « 
finding references. 


No. 
1 Abrasives 


Acids, Alkalies, Salts & Sundries 


3 Agricultural Equipment and 
Engineering 

4 Air “a 

5 Aircraft 


6 Apparatus and Instruments 
(Chemical, Physical) 


¢ Astronomy 


S Automotive Vehicles and Equip- 
ment 

9 Beverages, Non-Alcoholic 

10 Calorimetry, Pyrometry, Ther- 


mometry 
and 
‘ement and 


Materials 


wo 
{ ©llulose 


Paper 
Other 


suilding 


13 Chemistry, Analytical 

14 Chemistry, Biological] 

15 Chemistry, General & Physical 

16 Chemistry, Inorganie 

17 Chemistry, Mineralogical and 
Geological 

1S Chemistry, Organic 

19 Chemistry, Pharmaceutical 

-0 Computing, Recording & Talk- 
MG BROW IOOR 563 <a'ss. ce adele 

21 Concentration of Ores........ 

22 Dyes and Textile Chemistry. 

23 Electrical Communication... 

24 Electricity, General.......... 

25 Electrical Instruments 

26 «Electroplating 

Be quleetric Powe? 6éusciscesices 

28 Electrochemistry ............ 

29 Explosives and Explosions. ee 

30 ~Fats, Fatty Oils and Soaps 

3 Mire Prevention......<e.c«as 

32 Foods 


‘oundry Equipment, Materials 


ge 
34 Fuels, Gas, Tar and Coke.... 
o> Fuel Utilization ............ 
ao Gases, General 22.20. c0%2862 
37 Glass and Ceramies ......... 
0 eocececce 
39 Hydraulics 
40 Illumination (Electrie, Gas and 


Other) 
Internal-Combustion Motors.. 
ce 
Leather and Glue 


43 


. Balances, ¢ ‘ompasses, Lenses, 


.Dynamite, Power, 
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rundum, Emery, Sandpaper 


Air-Driven Machines, 
Compressed Air 
Aeronautics, Airplanes, 
Dirgibles (See Internal-Combus- 

Motors) 


Air Products 
Balloons, 
tion 


Tel 


scopes, Transits, M icroscopes 


Pulp 


Concrete, Marble, Slate 


Adding Machines, Phonographs 
Flotation 


.Inks, Pigments 
. Cable, Telegraph, Telephone, Wireless 


Economics, Insulation, Utilization 


Distribution, Genera 
tion, Motors, Transmission 
Electrochemical Storage 


> 300 
patteries 


Conversion, 
Processes, 
TNT 
Extinguishers, Sprinklers 


Bakery, Biseuit, Cold Storage, 
servatives 


Pre- 


Casting, Molding 

Coal, Oil, Peat, Petroleum 

Boilers, Furnaces, 
Stokers 


Gas-Produeers, 


Pneumatics 
Bricks, China, Porcelain 
Thermal Physics 


Diesel Engine, Gasoline Engine 
Ferrous Alloys 


eA re eee Optics 
5 Liquors, Fermented and Dis- 

MEE 422s Ein es Oe ee Beer and Wine 
ee errr re reer ree Graphite, Oil, Petroleum 
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iia 
17 
iS 
{Na 
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Marine Engineerit 
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laneous 
Metallurgy 
Meteorolog 
Metrology 
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ind Metallography 


Military & Naval Equipment. . Ammunition, Armor, Ordnance, To 
pedoes, Small Arms 
Mining, General (Testing Drills, 
Ropes, Tools, Ore Dressing) 
Molecular Physies 
Non-Ferrous Metals Aluminum, Bras Brot ( 
Gold, Platinum, Sil I 
fils 
Paints, Varnishes and Resins. . Dr a) lig ! I’ 
Petroleum, Asp! ind Wood 
Produet 
Photogra ( ras, Devel t I Mo 
ing-Pieture Eq mer 
Properties of Fi ring Ma 
terials 
Protective Devices 
Pumps 
Railroad Rolling Stock and Ac 
CeSSOTIES : (‘ars Loc 
Railroad Track and Signals 


Refrigeration 


Road Materials & Equipment. . Highways 
Rubber & Allied Substances..Guttapercha and Substitutes, Ru 
ber Manufactures 
Safety Deviees (Transporta 
tion, Manufactures, Mines) 
Soils and Fertilizers ........ Nitrates, Phosphates 
Sound ; Acoustics 
Steam Power .. Eeonomizers, Engines, Turbines 


Subatomic Phenomena and Ra 


dioactivity 


Sugar ; ..Sorgh s, Svrup 
Surgical, Dental and Hospital 

Equipment 
Textile Manufacture and Cloth 

ing Cotton, Linen, Wool 


Transmission 
Water, Sewa 
Wastes 
Welding 
Wood Produets (other 

(ell and Paper) 
Ventilation 


ge and 


Sanitation 
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lt 


Coéperation in Research by the United 
States Government 


MrecHANI ENGINEERING for August (7. 691) there a 


peared a letter outlining the action of the British Government 1 


aiding researeh. 


Our own country has taken a similar stand 


regard to industrial research and the following letter from t 


Department of the Interior, 


Sureau of Mines, briefly outlines 1 


manner in which this cooperative work is at present being «¢: 
ried out. 


Dear Nir: 


DEPARTMENT OF THE INTERIOR, BUREAU OF MINES 
WASHINGTON, D. C., September 6, 19 
Pror. A. M. GREENE, JR., 
Troy, N. Y. 
Sancel calls attention, in the August issue of MECHANIK 


Mr. 
ENGINEERING, to the action of the 
industrial research by the codéperation of Government and private ef 


sritish Government in subsid 


It may be of interest to call attention to a growing practice in coépet 


tion in the 
The 


scientific 


sureau of Mines, Interior Department. 
Sureau is charged with the duty of conducting “inquiries 
and technologic investigations concerning mining 


al 


and 





NOVEMBER 
1919 


preparation, treatment and utilization of mineral substances with a 
view to improving health conditions and increasing safety, efficiency, 
economic development and conserving resources through the prevention 
of waste in the mining, quarrying, metallurgical and other mineral 
industries.” There are other organizations having similar aims in 
part, and it frequently happens that by combining effort there is mutual 
advantage in increased facilities and output 

During the fiscal year, 1918-1919, the Bureau of 
co}perative agreements with the following 





Mines had formal 


University of Arizona, Tucson, Ariz 

University of California, Berkeley, Cal 

Colorado School of Mines, Golden Colo 

University of Idaho, Moscow, Idaho 

State Geological Survey Div. of the State of Illinois, Urbana, Il 
Engineering Experiment Station of the University of Illinois 
University of Minnesota, Minneapolis, Minn 

Ohio State University, Columbus, Ohio 

Bartlesville, Chamber of Commerce, Bartlesville Okla 

Oregon Bureau of Mines and Geology, Portland, Ore 

University of Washington, Seattle, Wash. 

University of Utah, State School of Mines, Salt Lake City, Utah 
Pope-Shenon Mining Company, Salt Lake City, Utah 

Shannon Copper Company, Clifton and Tucson, Ariz 

Ocotillo Products Company, Indianapolis, Ind 

Sinclair Refining Company, Chicago, I] 

Mid-West Refining Company and Ohio Oil Company, Denver, Colo 
J. B. Jenson, Salt Lake City, Utah. 

Iron Mountain Alloy Company, Colo 


The kind of codperation varied widely. In several cases the Bureau 
furnished technical direction and no funds, in other cases both parties 
furnished technical men and funds; 
were in excess of $350,000, about 


altogether, the financial obligations 
$200,000 being furnished by the 
Government 


Very truly vours 


(Signed) . VP. Hoop 


Acting Director 


A—Researcu Resvuuts 


The purpose of this section of Engineering Research is to give 
the origin of research information which has been completed, to 
give a résumé of research results with formule or curves where 
such may be readily given, and to report results of non-extensive 
researches which in the opinion of the investigators do not warrant 
a paper. 


Apparatus and Instruments A13-19 Continuous Helium Recorder. The 
sureau of Standards has installed an apparatus at Petrolia, Tex 
which records continuously the amount of helium present in the 


natural gas Bureau of Standards, Washington, D. C Address 


S. W. Stratton, Director 

Apparatus and Instruments A1j-19 Tests on the Constancy of Preci 
sion Gages and End Standards In examining several thousand 
gages remarkable constancy was found Gages of 2, 3 and 4 in 
changed from two to six-thousandths of an inch in a few months 


To find the immediate effect of large temperature changes several 
gages were cooled in liquid air and then brought back to 20 deg 
cent Some returned to their original length within a few mil- 
| ths of an inch, but one 3-in. gage was found to be 0.0022 in 
longer and a 4-in. gage 0.0023 in. longer after the treatment 
Several were heated to a higher temperature and allowed to cool 
to 20 deg. cent. One 2-in. gage which had been heated to 110 deg. 
cent. was found to be 0.0002 in and a 4-in. gage heated to 
00) deg. cent. was 0.0017 in. shorter after being carried through 
the temperature cycle. It seems probable that strains must have 
existed in the material which were relieved by the large changes in 
temperature A permanent 
lurgical Division of the 


longer, 


material is sought for by the Metal- 

tjureau of Standards f 
heat treatment are being proposed. Bureau of Standards, Washing 
ton, D.C. Address S. W. Stratton, Director 

Apparatus and Instruments A15-19 Thermal Expansion 
thermal expansion coefficients of a large number of g 
found to vary from 11 x 10-6 to 13 x 10-6 per deg. cent. 
sary therefore to use g: 
been calibrated. Bureau of Standards, Washington, D. C 
S. W. Stratton, Director. 

Apparatus and Instruments A16-19 Contact Gages. The forces neces- 
Sary to separate contact gages is 25 to 35 Ib. per sq. in. in using 
ordinary finish. With high optical polish and tested for planeness 


by the optical method of interference, 100 Ib. per sq. in. 
required. 


Various types of 


es has been 





It is neces 





es at the temperature at which they have 


Address 





was 

The separating film between gages brought carefully into 
contact is less than two-milliouths of an inch. Bureau of Standards, 
Washington, D. C. Address S. W. Stratton, Director. 

Boilers and Accessories A2-19 Chimneys. Stack Performance. Ex- 
periments on Stack at Johns Hopkins University showed that 
resistance thermometers would change in readings due to exposure 
to flue gases. Copper and copper-constantin couples were used 
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with success. There were variations of 5 to 10 deg ihr. in ter 

perature across a given section. The drop in temperature in 150 f 

varied from 71 to 118 deg. fahr., as shown by tabl The velocity 
of hot gas varied from 5 to 40 ft. per sec. and could 


Much leakage of ‘ irred 


nt COs in boilers was reduced to 5 r cent 


pitot tubes using differential gages 
10 per ce 


This cuts down efficiency of stack 


in system 


in stack 


rEMPERATURES AND DRAFT PRESSURES 








: \ Is ( I) 
lemperature deg. fahr 
sreeching iti4 i 240 
Landing 70 225 104 
p Landing 346 
»p s28 206 173 
verage " IT 91 190 
Outside Air 10 38 43 24 
I’ressures, inches 
tarometer O06 30.00 29 63 30.27 
Draft, botton 0.607 0.518 O.55h 
Draft top 0.022 0.048 Oon 
Draft, for 130 ft 0.665 0.470 0.500 
Calculated draft for 130 ft 0.685 0.492 0.504 
See Power, September 16, 1919 iddress Julian C. Smallwood 
Johns Hopkins Unive rsity, Baltimor: Mad 
Properties of Engineering Materials A3-19 Zirconiut Stes I 


Bureau of Standards is preparing a report showing 
ment, impact test and tensile strength of a large number of 
submitted to the Navy for ballistic tests 


the heat treat 





Thirty-six samples of 

zirconium steel were analyzed at the Bureau It has been found 

that steels which contain boron may be successfully rolled if the 

temperature is kept below 1000 deg. cent Bureau of Standards 

Washington, D. C. Address S. W. Stratton, Director 

Properties of Engineering Materials A4-19 Manila Rope. The action 
of muriatic acid on manila rope as occurs when used to support 
swinging staging for washing dewn brick is such that the fumes 
weaken the rope seriously without any superficial trace of the action 
being noticeable to the eye. The only practicable remedy is to treat 
the rope with some acid-resisting compound. Bureau of Standards, 
Washington, D. C. Address 8S. W. Stratton, Director 

Properties of Materials A5-19 Columns and 
Protective The work of the Bureau of Standards prev- 
iously reported has been carried on in making fire tests of full-size 
columns with different forms of protection and of different aggre 
gate. It has been found that columns made from Cow Bay gravel 
which contains a large proportion of granite and gneiss pebbles and 


Engineering 
Dlasters, 


Concrete 


columns made from pure quartz gravel give results which are not 
quite so good as those from columns made from VDittsburgh gravel 
The columns of this latter form had protective concrete spalled so 
badly that the steel and load-bearing concrete were exposed to the 
fire and failed before the completion of the four fire tests. Columns 
with coarse aggregate of trap rock showed no tendency to spall. To 
protect columns gypsum forms have been used in the 
of the columns and these forms are 
protective cover 


construction 
in place as a 
protection When 
the protective covering was made of plaster of portland cement and 
sand, the results were good but not so good as those from trap rock 
and slag Sureau of Standards, Washington, D. C. Address S 
W. Stratton, Director 


allowed to stay 
These have given excellent 


B—RESEARCH IN PROGRESS 

The purpose of this section of Engineering Research is to bring 
together those who are working on the same problem fer codper 
ation or conference, to prevent unnecessary duplication of work 
and to inform the profession of the investigators who are engage: 
upon research problems. The addresses of these investigators are 
given for the purpose of correspondence. 

1ir B4-19 Blowers Performance of parallel 
No. 797. U.S. Naval Experiment Station, Annapolis, Md Address 
Bureau of Steam Engineering, U. S. Navy, Washington, D. C 

tir B5-19 Flow of air through orifices from the atmosphere 
into a vacuum, No. 704. U.S. Naval Experiment Station, Annapo- 
lis, Md. Address Bureau of Steam Navy, 
Washington, D. C. 

Apparatus and Instruments B14-19 
urements of Screw Threads. 
ford, Conn. 

Electricity B1-19 Electricity in Mines by L. C. Ilsley. This investi 
gation is to cover permissibility, explosion-proof motors, portable 
electric mine lamps, flame safety lamps, gas detectors, permissible 
electric headlights, electric lamps for rescue service 


blowers operating In 


Orifices. 
Engineering, U. 8S 


Screw Threads. Precision Meas- 
Pratt and Whitney Company, Hart- 


electric flash 
lamps, single-shot blasting units, multiple-shot blasting units, storag 
battery locomotives, electric trip lamps, field investigation, laws and 
rules governing the use of electricity in mines. 
Washington, D. C. Address Van H. Manning, Director. 

Electric Power B4-19 Carbon Electrodes. An investigation on the 
manufacture of carbon electrodes to devise method for pranufacture 
of large carbon electrodes from western material by L. C 


sureau of Mines, 


Duschak, 
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Bureau of Mines, Washington, D. C. Address Van H. Manning, 
Director 

Gases, General B1-19 Production of hydrogen from crude oil for use 
in balloons, test 1097. U. S. Naval Experiment Station, Annapolis, 
Md. Address Bureau of Steam Engineering, U. S. Navy, Washing- 
ton, D. Cc. 

Gases, Gencral B2-19 Production of hydrogen from steam and coal, 
and by electrolysis of salt solution, test 1161. U.S. Naval Experi 
ment Station, Annapolis, Md. Address Bureau of Steam Engi- 
neering, U. S. Navy, Washington, D. C. 

Hydraulics B4-19 Flow of oil through orifices and tubes, No. 665. 
U.S. Naval Experiment Station, Annapolis, Md. Address Bureau 
of Steam Engineering, U. S. Navy, Washington, D. C. 

Hydraulics B5-19 Condenser Tubes. Investigation to determine the 
effect of temperature, tube length and water velocity upon friction 
loss in water flowing through condenser tubes, No. 789. U. 8S 
Naval Experiment Station, Annapolis, Md. Address Bureau of 
Steam Engineering, U. S. Navy. Washington, D. C. 

Internal-Combustion Motors B7-19 WHigh-Altitude Performance. The 
Bureau of Standards is testing a 300-hp. Hispano-Suiza engine at 
conditions on the ground and at 25.000 ft. elevation at various 
speeds and under different openings of throttle. Bureau of Stand- 
ards, Washington, D. C. Address S. W. Stratton, Director. 

Internal-Combustion Motors B8-19 Ignition. The Bureau of Stand- 
ards is endeavoring to detect turbulence within a gas-engine cyl- 
inder and to determine its effect upon the velocity of flame 
propagation. Turbulence seems to be without effect in the vertical 
plane while with advanced spark the velocity of propagation in- 

turean of Standards, Washington, D. C. Address S. W. 
Stratton, Director. 

Internal-Combustion Motors B9-19 German Truck engines. The 
Bureau of Standards is examining the engines of several German 
motor trucks. Bureau of Standards, Washington, D. C. Address 
S. W. Stratton, Director. 

Lubricants B4-19 Lubricating Oils. Investigations pertaining to the 
methods for the examination of lubricating oils in conjunction with 
Committee D-2, A.S.T.M., U. S. Naval Experiment Station, Annapo- 
lis, Md. Address Bureau of Steam Engineering, U. S. Navy, 
Washington, D. C. 

Lubricants B5-19 Frictional qualities of paraffin- and asphaltic-base 
mineral oils and of animal oils. U. S. Naval Experiment Station, 
Annapolis, Md. Address Bureau of Steam Engineering, U. S. 
Navy. Washington, D. C. 

Lubricants B6-19 <A fractional distillation of lubricating oils before 
and after use. Continuation of the work reported in the Journal 
A.S.N.E., for May, 1917. U. S. Naval Experiment Station, An- 
napolis, Md. Address Bureau of Steam Engineering, U. S. Navy, 
Washington, D. C. 

Lubricants B7-19 'The cause of emulsifying properties of oils with 
water in turbine oils, test 6SO. U. S. Naval Experiment Station, 
Annapolis, Md. Address Bureau of Steam Engineering, U. S. 
Navy, Washington, D. C. 

Lubricants B8-19 Methods of analyses of lubricating greases, test 822. 
U. S. Naval Experiment Station, Annapolis, Md. Address Bureau 
of Steam Engineering, U. S. Navy, Washington, D. C. 

VUachine Tools B3-19 Milling Hobs. Side Cutting of Thread-Milling 
Ilobs. Address Pratt & Whitney Company. Hartford, Conn. 
Vachine Tools B4-19 Machine-Tool Investigations. To determine the 
power required and the action of various types of cutting tools and 
the effect of heat treatment of tool steel. A planer at the Bureau 
of Standards has been equipped with a dynamometer, and various 
pyrometers and potentiometers have been calibrated. This work 
is being carried out in connection with machine-tool manufacture. 
Jureau of Standards, Washington, D. C. Address S. W. Stratton, 

Director. 

Vetallurgy and Metallography B?-19 Deep Etching of Steel. The 
tureau of Standards is carrying on work on deep etching of steel 
which so far seems to reveal a chemical heterogeneity, mechanical 
non-uniformity and physical discontinuities. Steels which are 
highly stressed internally often split open spontaneously under the 
action of concentrated acids. Magnetic investigation locates defects 
in materials which had developed transverse fissures in service in 
the same manner that deep etching reveals this. Sureau of 
Standards, Washington, D. C. Address S. W. Stratton, Director 

Vetallurqgy and Metallography BS8-19 Crucibles. Microscopic investi- 
gations of graphite crucibles by A. C. Fieldner and Reinhardt 
Theissen. The aim of this investigation is to discover the merits 
of various graphites used in crucible making and whether or not 
American graphites can be substituted favorably for foreign graph- 
ites and to overcome difficulties in crucible making. sureau of 
Mines, Washington, D. C. Address Van H. Manning, Director. 

Vetallurgy and Metallography B9-19 FElectric-Furnace Work. Electric 
brass-furnace practice in the United States, by H. W. Gillett, 

Sureau of Mines, Washington, D. C. Address Van H. Manning, 
Director. 

Wetalluray and Metallography B10-19 Ferroalloys, by H. W. Gillett 
Continuation of War Materials Investigations on ferromanganese 
and silicomanganese, ferrouranium and ferrozirconium. Bureau of 
Mines, Washington, D. C. Address Van H. Manning, Director. 
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Vetallurgy and Metallography B11-19 Studies of the effect of heat 
treatment on microstructure and properties of metals. Test 602, 
and tests of failed materials. U. S. Naval Experiment Station, 
Annapolis, Md. Address Bureau of Steam Engineering, U. S. 
Navy, Washington, D. C. 

Vetallurgy and Metallography B12-19 Sulphur and Phosphorus Con- 
tent in Steel. The Bureau of Standards is planning a laboratory 
investigation and service tests involving the codperation of steel 
manufacturers, users and the Bureau of Standards to determine 
the phosphorus and sulphur limits for specifications of various kinds 
of steel. Address Bureau of Standards, Washington, D. C. <Ad- 
dress S. W. Stratton. D rector. 

Vetallurgy and Metallography B13-19 Ferrous Metallurgy, by Francis 
I. Foley. An investigation in codperation with the National 
Research Council to determine whether or not brittleness is in 
duced in carbon steels by slow cooling from below the critical 
temperature, also to attempt to determine the cause and effect of 
certain defects in nickel ordnance steels. Bureau of Mines, Wash 
ington, D.C. Address Van Il. Manning, Director. 

Oils B2-19 Oijl-Extraction Equipment. A study of present types of 
equipment for extracting animal and vegetable fats and oils from 
oleaginous material by means of volatile solvents, particularly 
from the standpoint of economy, ease of operation and quality of 
finished prodnet. Address J. H. Shrader, U. S. Bureau of Agricul 
ture, Washington, D. C. 

Propertics of Enginecring Materials B4-19  V.imestone tests are being 
made on Indiana Limestone to establish data for the grading of this 
stone. VDPanels are being erected exposed to the weather so as to 
find the cause of discoloration. 
methods of waterproofin 


Varions mortars and various 
g are used. Bureau of Standards, Wash 
ington, D. C. Address S. W. Stratton, D'rector 

Properties of Enginecring Materials B5-19  Frost-Action Tests. Com- 
mercial sandstones are being tested by the Bureau of Standards 
to determine the disintegration under freezing. Iligh-grade sand 
stones have stood 300 freezings with but few signs of disintegration, 
while poorer grades were completely broken down in less than 100 
freezings. Granite passed through 3) freezings without showing 
any signs of freezing, while porous limestone began to disintegrate 
after 150 freezings Bureau of Standards, Washington, D. C 
Address S. W. Stratton. Director. 

Textile Manufacture and Clothing B3-19 Dotermination of the per 
meahility of balloon fabric by hydrogen. U. S. Naval Experiment 
Station. Annapolis, Md. Address Bureau of Steam Engineering, 
Washington, D. C 

Wastes B1-19 Wastes, Vegetable, Utilization of Mechanical and 
Industrial problems connected with commercializing waste products 


either discarded or marketed disadvantageously at pres-nt Ad 
dress Dr. J. H. Shrader, U. S. Bureau of Agriculture, Washington, 
D. C. 
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WORK OF THE BOILER CODE 
COMMITTEE 


Boiler 


| hapa Code Committee meets monthly for the purpose of 
considering communications relative to the Boiler Cods iny 


one desiring information as to the application of the Code is requested 


to communicate with the Secretary of the Committee, Mr. C. W. Obert, 
‘ 29 West 39th St., New York City. 

The procedure of the Committee in handling the cases is as 
follows: <All inquiries must be in written form before they ar 
accepted for consideration. Copies are sent by the Secretary ol 
the Committee to all of the members of the Committee. The 
interpretation, in the form of a reply, is then prepared by the 
Committee and passed upon at a regular meeting of the Committee 
This interpretation is later submitted to the Couneil of the Societ; 
for approval, after which it is issued to the inquirer and simul 
taneously published in MrecuANICAL ENGINEERING, in order that 
any one interested may readily secure the latest information econ 
cerning the interpretation. 

Jelow are given the interpretations of the Committee in Cases 
Nos. 243, 244, 247-256, inclusive, as formulated at the meeting 
f September 26, 1919, and approved by the Council. In this re 
port, as previously, the names of inquirers have been omitted. 

Case No. 243 

Inquiry: Is the design of a vertical single-tlhue boiler, as shown 
in Fig. 2, which is formed of a seamless steel tube for the vertical 
flue, expanded into openings in the crown sheet and top head otf 

. the boiler, aeceptable under the requirements of the A.S.M.E 

Boiler Code? 

Reply A boiler of the vertical single-flue type, constructed 

5 ith dished heads for crown sheet and top he id, in order to come 

inder the requirements ol the Boiler Code, must conform » The 
requirements of Par. 195, dealing with a dished head having a 


flanged opening supported by an attached flue (see page 50, 


entence of Par. 195, Edition of 1918). To meet this requirement, 
| 


e flue which connects the top head and crown sheet of 


ould be 


the boiler 


attached by a riveted flanged connection at each head 


No. 244 


CAs! 

Inquiry Will it be permissible to use lap welded steel pipe 

ir the grate headers used on down-draft furnaces of the Hawley 

type if the material conforms to any one of the specifications in 
e Boiler Code? 

Reply: Under the requirements of Par. 9, pressure parts for 

vrate 


to be used for boiler construction, may be constructed from mate 


headers on down-draft furnaces and of other similar parts 


which in its initial form of plate or skelp, conforms to one 


r the other of the specifications given in the Boiler Code for 


: vrought steel, or they may he constructed of east steel of Class B 
rrade. If the header referred to in this case is built of lap-welded 
: teel, any steel that will conform with the requirements of the 
pecifiecations in the Code may be used. 
Case No. 247 
Inquiry: In fitting twin safety valves to a boiler, is it per 
nissible to mount valves of different sizes, or shall the require 
ments of the Boiler Code be construed to require valves of equal 
; 31ze8 ? 
Reply: There is no requirement in the Boiler Code which 


covers this case. The Committee, however, recommends that the 
valves be made of equal sizes, if possible, and that in any event 
the smaller of the two valves shall have a relieving capacity of 


at least 50 per cent of that of the larger valve. 


Case No. 248 
Inquiry: Is it necessary under the material requirements of 


the Boiler Code that a connecting pipe external to the boiler set- 
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pen-hearth 
used ? 


connec 


ting between the boiler and superheater be made 


quality lap-welded pipe, or may bessemer 
the 


Reply: It is opinion ol the Committee that pipe 


tions external to the boiler setting do not come under the require- 
ments of the 


that 


Boiler Code, but It is recomme nded by the Cc 
the 


ymmiuttee 


since this is a part of boiler proper in the sense that it 























eannot be closed off by interven ng valves, pipe connection of 

open-hearth-steel material should be used 

~ > 
= 
a” 
4 4 
| z 
+ 
>. 
ic. 2 A DESIGN OF VERTICAL SINGLE-FLUE BOILER 
Case No, 249 

In yuiry : Is Par. 427e of the Boiler Code appticab'e to water 


glasses of the chain-pull, quick-closing type, in which there is a 
ol ol 


requirement to be a practically impossible 


limit of movement about one-third revolution the valve 


>? This 


construction for an automatic gage of the quick closing type. 


stem appears 


Reply: It is the opinion of the Committee that for chain-pull, 
the 427 ¢ 
a pulley over which the chain 


quick-closing-type water glasses, requirements in Par. 


can be met by the application of 


pull may be operated to turn the valve stem the necessary amount 


No. 250 


Inquiry: Is it permissible for qualified boiler inspectors to 


transter stampings to the from flange or firebox boiler 


] 


remnnants 


plate which bear no identifying mark, yet are none the less avail- 
ible for use? 
Reply: It is the opinion of the Committee that under the re 


quirements of the material specifications of the Boiler Code, it is 
not permissible for boiler-plate stampings to be transferred by 
Atten- 
tion is ealled to the fact that under Par. 36 of the Code, markings 
are required to appear in the completed boiler only on shells, heads 
and butt straps. 


any one except an authorized mill agent or representative. 


Case No. 251 


Inquiry: Will the requirement in Par. 291 of the Boiler Code, 
which specifies that a gage glass shall be set not less than 2 in. 
above the lowest permissible water level, not be inclined to cause 
lifting of water through the steam outlet or by the operation of 
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the safety valve, in a small return tubular boiler having only a 
12-in. segment above tubes and a fusible plug set 2 in. above tubes 
which would thus reduce the steam space from 12 to 8 in.? 

Reply: It is the opinion of the Committee that a suitable 
internal collecting pipe or splash plate may be employed to advan- 
tage in such a ease. 


CasE No. 252 


(In the hands of the Committee) 


CasE No. 253 


(In the hands of the Committee) 


Case No. 254 

Inquiry: Is it permissible to burn out tube holes with the oxy- 
acetylene torch, provided the amount of metal removed does not 
exceed that required by Par. 248 of the Boiler Code, and that 
they be finished as provided therein? Also is it permissible to 
burn off surplus metal from the edges of plate by means of the 
oxy-acetylene torch provided the full amount of metal is removed 
thereafter as required by Par. 257 of the Boiler Code? In other 
words, the purport of the above inquiries is in brief — may the 
burning process be substituted for the punching and shearing 
processes ? 

Reply: It is the opinion of the Committee that this method is 
allowable where punching or shearing is specified, and where the 
edges are afterward machined by drilling, reaming, chipping or 
planing to remove a specified amount of material as required by 
Pars. 248 and 257 of the Boiler Code. 


Case No. 255 

Inquiry: Does the requirement in the reply for Case No. 218 
that headers and manifolds of superheaters must be constructed 
from material which in its initial form of plate or skelp con- 
forms to one or the other of the specifications in the Boiler Code 
for wrought steel, or they may be constructed of cast steel of 
Class B grade, require that if the Specifications for Lap-welded 
and Seamless Boiler Tubes are to be met, that the flattening test 
be met and the material as specified for the tubes be also met? 

Reply: It was intended in the reply to Case No. 218 to specify 
the quality of the material in its initial form of plate or skelp 
and not to require tests of the completed tube, so that the flat- 
tening tests referred to in the Specifications need not be considered 
in this connection. 


CasE No. 256 


(In the hands of the Committee) 


ARMY MOTOR-TRANSPORT VEHICLES 
(Continued from page 863) 

truck earrying 1200 gal. of water was fitted with a heating device 
taken from a steam ear, enabling the water to be brought to a good 
temperature. A centrifugal pump at the front end of the tank, 
geared to the engine of the truck, pumped this hot water under 
pressure through hose pipe to a system of gas piping with spray 
nozzles allowing twenty-four soldiers to have shower baths simul- 
taneously. Attached to this truck was a trailer or sometimes an- 
other truck carrying the cleaned clothing. Its mobility allowed it 
to be kept in close contact with the front line, where full service 
could be given. Incidentally, this was similarly used for delousing 
purposes and ordinary shower baths. 


SpeciaL Features For Minitary Work 

Military operation demands special equipment. Trucks operated 
in convoy over long periods of time tend to make the drivers 
“dopy”; the short space separating the trucks is not always suffi- 
cient to prevent one truck running into another either backward or 
forward, therefore ample rear and fore bumpers or guards must 
be provided. Proper towing hooks must also be provided front and 
rear to enable a disabled truck to continue its journey, for supplies 
must not be left behind. The standard artillery type of pintle 
hook is now universal at the rear of American military trucks and 
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at the front two hanging towing hooks are provided, one on each 
side of the frame. 

In running in convoy a tremendous amount of dust is raised and 
often drivers in the middle and rear are almost unable to see 
through this fog. This dust finds its way through the air intake into 
the carburetor, into the engine and causes rapid wear of the piston, 
eylinders and other parts. This is a problem peculiar not only to 
military operation, but also to agricultural-tractor operations. The 
remedy is found in the provision of an air-cleaning device to filter 
out the dust and grit, allowing only clean air to enter the engine. 

Extra wide drivers’ seats must also be provided. Provision 
must be made for two soldiers to sit alongside the driver, and 
soldiers with their heavy overcoats and various accouterment are 
necessarily bulky. <A reserve supply of gasoline must likewise be 
provided for, and this was done in some of the military trucks by 
the provision of receptacles like milk cans. It is desirable to have 
special lamp equipment, on which there should be considerable 
research done in order to obtain suflicient light to operate, but 
insufficient for the enemy to notice. At the advanced front even 
a lit cigarette was not tolerated and driving was done either looking 
at the stars between the trees or by sound and, in some cases, by 
instinct. The motor-transport driver’s job, contrary to general 
opinion, was among the most hazardous at the front and certainly 
was one of the hardest, and honor should be given to these men who 
kept motor transportation operating faithfully through periods of 
extreme stress in complete darkness, men who were as equal to their 
task as the machines beneath them. 

CONCLUSIONS 

At various points throughout this paper the question of the 
Army designing its own vehicles and the question of standardiza- 
tion have been brought out. In concluding the writer feels that it 
is insuflicient merely to state the classification of vehicles used with- 
out drawing attention to the fact that they do not always remain 
new, but have to be repaired by Army help. In other words, this 
means using the help at one’s disposal without the ability to obtain 
any other. Furthermore, the vehicles in order to be of economie 
use must be maintained and the maintenance problem must be 
simplified down to its very elements, and in this it is obvious that 
with the fewer the types of trucks the fewer will be the number of 
parts necessarily carried for replacement and the less the need for 
skilled mechanies. There should be a standardization of one type 
of vehicle in each classification. Perhaps the Army will decide to 
adopt some commercial type of vehicle as its standard; perhaps 
they may decide to develop their own. They should not be subject, 
however, to political agitation which would seek to provide them 
with vehicles unsuited for their direct needs. When this standard 
has been adopted it should be reasonably adhered to for a period of 
approximately five years before any serious change is contemplated 
(unless, of course, there is some tremendously radical alteration 
in motor-vehicle design). 

Standardization of equipment, limitation of sizes of tires, of 
bodies, of lamps and tools and of all the hundrec-and-one things 
that go to make up the various automotive equipment will be found 
not only desirable but highly essential. A long paper could be 
written on this subject alone, but it is felt sufficient to here only 
mention this part of the Army’s problem and also state that by 
carrying this out the Army may be reasonably sure of having its 
vehicles give them a useful life of, say, ten years, if not more, with 
out any scrappage or undue delays or economic waste due to failure 
to function. 


A French concern has developed a traveling crane of rein 
forced concrete. The crane, as described in Le Génie Civil, has a 
sapacity of 6600 lb. and a span of 32.8 ft. The rolling gear is 
removable and so attached that it ean be adjusted to take care 
of any warping of the crane. The concrete used is made of 2.3 
bbl. of cement to 1.18 eu. yd. of gravel and 0.52 eu. yd. of sand, 
a mixture which develops a crushing strength of about 780 |b 
per sq. in. and a bond strength with the reinforcing of about 80 |b. 
per sq. in. To obtain a proper factor of safety, the maximum 
fiber stress in the concrete of compression members is limited to 
498 lb. per sq. in even under the most favorable conditions. 
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ENGINEERING SURVEY 


A Review of Progress and Attainment in Mechanical Engineering and Related Fields. as Gathered 


from Current Technical Periodicals and Other Sources 
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BLREAL OF STANDARDS 


\ Revation Connecting tue Derivatives or Prysican Quan 
Mayo D. Hersey, Mem.Am.Soe.M.E. In this paper th 

or ows how the theory of dimensions may be used in a 

al form, a procedure which appears particularly fruitful 

n investigating the effects of given sources of error on the per 
rmance of measuring instruments. Several examples showing 


he necessity for the application of this method are given and 


istrated by experimental data. The application of the theory 


< tablished 1s discussed in connection with the following CAaSeCS 
| 


Variation of journal friction with size of bearing. Mqua 


ons are given which enable one to predict the bearing losses of any 

ightly larger or smaller machine in the same reometrically 
ilar series. 

ys The effeet of gravity on a rolling-ball viscosimeter in term 
e effect produced by changing the size of the instruments 


3 ‘| © effect ol high pressure on the accuracy ot a rolling ba! 


e 


meter. In this case means are derived to predict the chang 


n roll time due to any small change in liquid density such as 


uld oceeur by using the tube under pressure by relerence to an 


ervation on the effect of changing the ball density. Ncientit 


‘“apers f the Bureau of Standards, No. 331, issued September 25, 
J19, pp. 21-29, tA. Copies may be had by addressing the Bureau 


Standards. ) 


EQ kkiUM CONDITIONS IN THE System Carson, Iron Ox 


Hyprocen, IN RELATION TO THE LepEBUR Meruop or Deret 
ING OXYGEN IN STEEL, J. R. Cain and Leon Adler. It is shown 
mixtures of iron oxide and acheson graphite are not, and 


mixtures of tron oxide with “cemented” iron or white iron (an 
nealed or unannealed) are, reduced at 900 dee. cent. by the earbon 

them when hydrogen 1s passed over them at rates of two liters 
per hour or faster. Beeause of these facts, it is probably im 


possible to determine by the Ledebur method more than 75 per 
cent of the oxygen present in steels as ferrous oxide. The effect 
or rate of passage of hydrogen on the Ledebur oxygen content of 


rtain steels is shown. (Abstract of NSecientifie Pape r No. 350, 


Bureau of Standards, e) 

AN Apparatus ror Measurine THe ReLative Wear or Sou 
LEATHERS AND THI Resutts Oprainep witu LEATHER FRO 
DIFF 


RENT Parts or a Hipe, R. W. Hart and R. C. Bowker. A 
‘hort paper dealing with the development of a simple machine for 


tact 
test 


oft 


ine ha ag tual . . 
ing the wear resistance of sole leathers and giving the results 


extensive research work on the relative resistance to wear in 
different parts of a bend 


. The machine, which is described at 
various stages of 


its development up to the present time, was 
designed to subject leather to an abrasive action similar to that 
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Which it undergoes on & ShHO¢ sole, and to accelerate the weal ot il 


a test could be completed in 24 hr. 

The resulis of t! ree extensive tests on the resistance to wear in 
different parts of a bend are given with detailed deseript on of 
t? 


i¢ manner in which these tests were made, one test showing the 


results of comparative wearing tests both on the machine and in 
tual service included in this paper. The results of all investi 
gations show that the laboratory tes ng machine gives a proper 
indication of the wearing resistance of leathers. lbstract of 


Technologie Paper No. 147, U. S. Bureau of 


Oltandards, é 


HYDRAULIC ENGINEERING 


Water-Turbine Governing by Dispersion 


SEEWER GOVERNOR FOR HigGuH-Heap Hypraunic TurRINEs o1 
Pervon Type, Dr. A. Strickler. Description of a turbin vernor 
designed by a Swiss engineer, M. Seewer. In Is system the 


primary method of governing, that is, the deviation of the water 
jet, 18 replaced by a simple dispe rsion which he secures by means 
of mobile guide elements located in the interior of the ir ection 
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This mechanism admits of eliminating practically entirely 


the stresses in the primary system and reduces the path of flow to 


nozzle. 
a very considerable extent, this latter being entirely independent 
of the diameter of the jet and power output of the turbine. Be- 
cause of this the system is capable of functioning practically in- 
stantaneously and permits the use of the same governor for all sizes 
of turbines, the only change being in the servomotor operating 
the needle. It has been extensively tested at the Laboratory of 
the Federal Polyteehnie School at Zurich. 

The fundamental principle if the Seewer system of governing is 
expressed by the author as follows: 
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“The device is one in which the governing of « high-speed hy 
draulie turbine is effected by a change in the shape of the jet, this 
latter being done by guide members located in the interior of the jet 
nozzle and so arranged that the jet may be either practically per 
fectly cylindrical or may be totally or partly dispersed in aceord 
ance with the position of the guide elements.” 

Fig. 1 shows diagrammatically the arrangement of the device 
The guide elements which are flat plates of proper shape and in 
proper number are located around the jet needle. They can swing 
about a radial axis. When these guide plates are parallel to the 
axis of the jet tube, the jet is perfectly cylindrical as in Fig. 2 
It is a well-known fact that when the water jet is even slightly 








Fig. 2 Fup Jet or A PELTON TURBINE WITH SEEWER GOVERNOR 
AND GUIDE PLATES PARALLEL TO Eacn OTHER 














Fig. 3) Dispersep Jer or PELTON TURBINE WITH SEEWER GOVERNOR 
AND GUIDE PLATES AT AN ANGLE OF 20 DEG. 


dispersed this produces a material reduction in the hydraulic 
efficiency of the turbine, but a change in the position of the guide 
plates, such as shown in Fig. 1, by the line II-II, causes a com- 
plete dispersion of the jet as it comes out of the nozzle, because 
of which none of the water goes to the wheel in a manner to produce 
a useful power output. 

It is easy to understand it by studying the relative path of the 
liquid fibers. Fig. 3 shows the dispersion of the jet caused by a 
displacement of the guide plates through an angle of about 20 deg. 

Since the quantity of water coming out from the nozzle is 
practically the same with the deflected jet as with the solid jet, 
there is no material increase in pressure in the feed conduit, and 
the latter cannot suffer any harm because of a sudden deflection 
of the jet. (Bulletin Technique de la Suisse Romande, vol. 45, no. 
17, Aug. 23, 1919, pp. 169-171, 3 figs. de) 
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ENGINEERING MATERIALS 


ON THE Strucrure or ITrRon-Carson-CuHrROMIUM ALLOYS, 
Takejiro Murakami. This investigation forms the subject of the 
24th Report of the Alloys Research Institute. 

In the present case various iron-carbon-chromium and iron 
chromium alloys have been investigated by magnetometrie and 
thermal methods. The following are the conclusions arrived at by 
the author: 

1 By utilizing magnetie analysis and microseopie observation 
the iron-earbon-chromium alloys containing less than 6 per cent 
of carbon have been systematically investigated, and a structural 
and constitutional diagram of their states has been obtained. The 
change of structure during heating and cooling up to 1200 deg. has 
also been discussed. 

2 By microscopic observation a probable diagram for binary 
alloys of chromium and earbon containing less than 5 per cent of 
carbon has been determined, and this has confirmed the existenes 
of a compound Cr,C having a hexagonal erystal form, as put for 
ward by Moissan, and also the formation of a eutectic consisting 
of the earbide and chromium dissolving the earbide. 

3 Iron and chromium form a continuous series of solid solutions, 
whose eritical point for the A, transformation decreases as thi 
chromium content increases. 

ft In the iron-carbon-chromium alloys there exist three ternar 
compounds, a, le} and é double earbides, having the probable 
Cr,C, (Fe.C),. Cr C and Fe C. Cr C, respe 


The former two erystallize in a sealy form, and the latter 


formula (Fe,C 
tively. 
in a hexagonal prismatie form. The a carbide is a magnet 
compound, whose eritical point is 150 deg., while the other tw: 
are non-magnetie, 

5 Under microseopie observation, these carbides can easily be 
differentiated from each other by means of a new reagent, ar 


alkaline solution of potassium ferrieyanide. By this reagent 
y carbide is intensely colored brown to blue in cold and § earbid 
equally colored by the same reagent at boiling temperature, whil: 
these carbides are not acted on by picrate boiling. a@ earbide 1 
colored brown both by a boiling ferricyanide solution and als 
by picrate. 

6 The lowering of the transformation point is caused by d 
solved chromium. Above Ae, point the carbide Cr,C dissolves 
austenite and by heating to a suitably high temperature it d 
sociates according to the following scheme: 

2 Cr.C Cr.C, + 5 Cr 
The igher the temperature, the more the above change proce 
from left to right. During cooling, the reeombination of Cr‘ 
and chromium to the earbide Cr.C takes place only slowly, 
therefore, in allovs containing the earbide Cr,C, tie carbide char 
is lowered by the normal eooling from a high te nperature by 
retarding action of the dissolved ehromiun 
7 The cooling rate has generally a marked effect on the po 
of the transformation points. If the rate be very large, the tra 
formation is very conspicuously lowered, and in some east 
completely suppressed. On the contrary, if the rate of coolir 
through a range of 700 deg. be sufficiently slow, the carbide char 
takes place within the range. 

8 The cooling magnetization-temperature curves of a specim« 
and its microstructure have a close connection with each other. 
specimen having the normal transformation point shows 
troostitie or pearlitie structure, the one having the lowered tra: 
formation the martensitic, and the other having the complet 
suppressed transformation the austenitie structure. 

9 Theself-hardening of a chromium steel is related to the low 
ing or complete suppression of the Ar, transformation; the 
ness is caused by the solid solution of the earbide Cr C, in 
dissolving chromium. 

10 The Ae, and Ar, points in chromium steels are raised as | 
chromium content increases, and the former becomes higher t! 
the Ae, point from high-chromium steels. (Science Reports of t 
Tohoku Imperial University, First Series, vol. 7, no. 3, Decem) 
1918, pp. 219-276 and 20 plates, etA ) 
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INTERNAL-COMBUSTION ENGINEERING 


Diesel Engines Used in British Submarines 


Vickers Diesen ENGINE. Some 
Vickers Diesel engine, which is of particular interest 
| 


British submarine fleet is 


data on the desien of the 
ically the whole of the 
engines 


The engines described are mainly those of the Trefoil type, a 


war-time production built in the greatest hurry to meet a national 
emergency. 
The eight evlinders of each set—17 in. bore by 27 in roke 


ire based upon the submarine design, and are of the simplest pos 





ie form, consisting of a plain liner, of which the head i eld 
i < t-steel entablature which is common to a pair ot « naer 
ind lich forms the upper part of the water jacket (compare 
| 1). The lower part consists Of a light ga mized 
reo ( linde - held by the entablature nd ‘ I 
‘ of e liner by rubber rings. This design is not utable, 
wever, to pi rely commercial work The ¢ el ‘ ‘ 
ng carrying the inlet and exhaust valve nd ‘ ! 
d rehef valve, the cooling water passing dire . ' 
er eket to the interior of the eover w it ‘ 1a 
e pipe eonnectior 
I 1 CYLINDER CONSTRUCTION OF THE TREFOIL TYPE VICKERS 


Diese. ENGIN! 


rhe submarine engine framing is shown in Fig. 5, which con 
sists sumply of an A-shaped piece of boiler plate placed athwart 
ships between the cylinders, something less than an ineh in thick- 
ness, lightened out and with a forged-steel flange top and bottom 
riveted on to take the cylinder and bedplate bolts, with light iron 
angles riveted along the sides to act as stiffeners and to take the 
splash plates. Increased lateral stiffness is obtained by horizontal 
fore and aft plates between each pair of columns, which improves 
the bottom of the water jacket. This kind of framing was suitable 
for the submarine engine with its trunk piece, but the engines 
{ the Trefoil have ordinary crosshead and guide. Because of this, 
in the 


Trefoil engine each cylinder has a east-iron box column at 
the back carrying the guide, and well splayed fore and aft at the 
foot, in addition to which there is a turned steel column in front 
at each main bearing. 

The crosshead arrangement allows of a very short piston which 


's not water-cooled. As a eylinder only gives something less than 
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100) b.l Pry the 


1500 


total power of each set of eight eylinders is 750 


b.hp. at r.p.m. 
Tl e top end ol the connecting rod is novel, as t} e@ whole ot 


is ordinarily the fork is used as a bearing surface for the cudgeon 
pin. 


Solid injeet 


on is used and the four fuel pumps deliver into a 
From tl 


valves are fed, the regulation of the fuel injected being effected 


common pipe tor all the cylinders. at pipe the 


Spray 


by the adjusting the duration of opening of the spray valves, the 
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CONSTRUCTION AND REVERSING 
lyre VICKERS DIESEL ENGIN! 


CYLINDER 
TREFOIL 


fuel pressure in addition being reduced at low power from the 


3790 lb. or so, used at full speed. 


lor reversing, a special reversing shaft is provided above the 


inders and is 


eamshatt, which latter runs along the top of the eV! 


driven by a vertical shaft through bevel gears. This reversing 


shaft carries two rockers for each valve on eccentric fulera, so 


disposed (Fig. 6) with regard to each other that when one is 


engaged with its cam the other is clear, the two corresponding 
cams on the camshaft being fixed on that shaft for ahead and astern 
halt shaft 


puts the inlet and exhaust valves right for the intended direction 


going, respectively. Thus, a turn of the reversing 
of rotation, but the fuel cam block with its ahead and astern eams 
has to slide along the shaft by means of a separate maneuvering 
shaft, and this can be done without the necessity of raising the 
rockers clear of the cams by reason of a slope on the side of the 


nose of the cams. Control of the period of fuel injection is ob- 
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tained in a very simple way by the eccentric mounting of the 
fulerum of the fuel valve rocker. 

When the cams are set in the proper position the master air 
valve is opened and air delivered to four little cam-operated 
valves, which deliver the air through separate pipes to non-return 
valves in each cylinder head, the valves and cams being on a ver- 
tical shaft and situated near the starting handles. (The Engineer, 
vol. 128, no. 3322, August 29, 1919, pp. 198-200, 4 figs., d. Com- 
pare also the reprint of the article in the Journal of the American 
Society of Naval Engineers, vol. 31, no. 3, August 1919, pp. 661- 
671, 5 figs.) 


Novel Type of Heavy-Oil Engine and Its Governor 
Tue Crosstey Coup-Startina Heavy-O1n Enaine. Deserip- 
tion of an engine of British design in which the use of the lamp 
for starting has been done away with. 

The engine belongs to the type of heavy-oil engines, but cannot 


be correctly described as being either a Diesel or semi-Diesel. In 

















Fic. 7 COMBUSTION CHAMBER IN CROSSLEY HEAVY-OIL ENGINE 


fact, it would appear as if the engine, in some respects, was in a 


class by itself. The essential characteristic feature of the engine 
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chamber will give the least wall surface exposed to the water 
jacket, and will permit of a central core of air heated by com 
pression and cooled as little as possible by contact with the walls. 
This core is relied on to fire the charge. 

The change from spherical to spheroidal is rendered necessary 
by the cooling effect of the incoming charge of fuel whieh tends 
to transfer the central core towards the left, as indicated by the 
dotted cirele in C. If the chamber were spherical this would bring 
it into eontaect with the water-cooled walls, but making the 
chamber spheroidal a good clearance is provided between the hot 
core and the jacket. It is contended that this hot core is essential 
if a low compression pressure and low injection pressure 


by 


are to 
be used, as it allows the fuel to be kept in contact with the heat 
for a longer period than would be the case in a Diesel engine. It 
is this feature that permits the Crossley engine 
sion pressure as low as 300 Ib. 


to use a compres 
per sq. in. and a fuel injection 
pressure of only 1000 Ib. with solid injection. 

In order to further insure the thorough mixture of the 
fuel turbulence is produced by the shape of the top of the 
which, at the top of the stroke, the 
chamber and forms a air is driven at high 
speed by the rising piston round the walls of the chamber, but 
without disturbing the hot core, as shown by the dotted lines along 
the walls in Fig. 7, C. 

Fig. 8 on various 
fuels, such as paraffin (kerosene), residual petroleum and tar oil. 
These figures were obtained from tests made by Professor Burstall 
on a single-cylinder 181% in. stroke. The 
figure of 32.2 per cent thermal efficiency is unusual for such a 
simple single-cylinder engine. 


air and 
piston, 
projects 


into combustion 


plug past which the 


gives some test curves of the Crossley engine 


engine bore by 28 in. 


The article also describes the governor gear of the engine. The 
governing of the engine is effected by the opening of a bypass or 
control valve A, Fig. 9, in the oil fuel pipe bet 
and the oil sprayer at variable points in the 
according to the load at 


ween the oil pump J 
pump delivery stroke, 
which the engine is working. For in 
stance, at medium load the control valve will be opened at about 
half-pump stroke, the remainder of the oil in the pump, instead 
of passing into the combustion chamber, being by-passed through 
the control valve K and pipe T to the funnel shown at U in Fig. 10, 
whence it flows back to the oil heater V. 

of the control valve are shown in Fig. 9. 
opposite the end 


The means of operation 
The floating lever F, 
f the control-valve spindle, is pivoted at its 

bottom end to an arm on the pump-lever spindle. The upper end 
of the lever F' rests against a quadrant //, the position of which is 
controlled by the governor G. The quadrant has a cam-shaped 
periphery, and as the governor rises and falls the upper end of 
the floating lever is pushed to and fro in a direction toward or 
from the end of the control-valve spindle. When the 
plunger moves forward the upper end of the floating lever becomes 
the fulerum of the lever, and the position of this fulerum being 
shifted by the governor the control valve is opened at 


pump 


a varying 
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Brake- horsepower 
Fic. 8 
is the shape of its combustion chamber, which, as shown in Fig. 


7, C, is spheroidal. 
The theory underlying this construction is that a spherical 


Brake - horsepower 


Brake- Horsepower 


TEST CURVES OF THE CROSSLEY ENGINE ON VARIOUS FUELS 


time, according to the load and speed of the engine. 
y . ° ° ° ° aa 
When using viscous fuels which do not readily atomize at norma 
atmospheric temperatures a change-over fuel device is provided 
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to enable a less viscous fuel to be used for a few seconds or minutes 
when starting the engine. This change-over gear consists of an 
eccentric pin in the fuel pump placed between two suction valves 
and operated by the weighted hand lever shown at Y in Fig. 9. 
When this lever is in the position shown the lower valve is kept 
on its seat and a supply of less viscous fuel, such as paraffin, gas 
oil, or erude oil, poured into the cup X. When the engine is 





Fic. 9 GOVERNOR GEAR OF THE CROSSLEY OIL ENGINE 











Fic. 10 Oi Hearer or tue Crosstey Heavy-Or ENGINE 


starte? the pump will draw its supply from the eup. After a few 
revolutions the weighted handle Y is moved over, the upper valve 
being then closed and the lower valve opened, enabling the pump 
to suck its charges from the pipe Q, which is connected directly to 
the oil heater V shown in Fig. 10, through which the viscous oil is 


ENGINEERING 897 
passed on its way from the oil tank to the pump to reduce its 
viscosity. The oil heater is attached to the exhaust 


pipe of the 
engine and the temperature of the heater can be adjusted by means 
of the large wing valve shown, which varies the amount of the 
exhaust gases which are allowed to pass through the connecting 
passages. A larger strainer W is fitted in the oil heater In ease 
any vapor is formed or frothing of the oil takes place in the oil 
heater, a vent pipe Z is fitted at the top of the heater and taken 
up to the top of the funnel, when anv emission can readily be ob 
served. A hand lever S is provided for filling the pump with oil 
before starting the engine. 

To stop the engine a small screw-down valve is opened in the oil 
delivery pipe between the oil pump and the oil sprayer. The effect 
is to deliver all the oil to the f innel, and the combustion chamber 
being no longer upphied with fuel the engine immediately slows 
down and stops. 

An interesting point is worthy of note in connection with the 
method of governing as deseribed above, and this is that as the 
fuel, while being delivered, is actually producing power at that 
instant the cutting off of the supply of fuel at different points of 
the pump stroke, according to the position of the governor, means 
+] 


at the governing effect takes place at the identical moment that 


the fuel is being injected and burned, and therefore has an instan 
taneous effect between the fuel and the power. It is certa 
remarkable engine; it has the eeonomy of many Diesel engines, 
and yet it has solid injection at low pressure and no air con 
pressor; it has only 300 lb. compression pressure with the accom 
panyving advantages of cheaper and lighter construction, and vet 
it can use the heavy oils, and it starts from all cold 
need for a lamp, and it should require only comparatively un 


skilled attenti (The Engineer, vol. 123, no. 3324, September 12, 





Tracror ENG wp Fue Limrrations, H. L. Horning, Men 
Am.Soe.M.E. 


tion of spark plugs, and gives the following specifications as to 


Among other things the writer discusses the ques 


e location of the spark plugs and their de Lorn: 


} The plug Ss! ould be located as near as possible to the center 
of gravity of the mixture in the combustion chamber 
when the mixture is about to fire 

” It should be so loeated as to be out of the exhaust-cas stream 

3 It should be located so as to get the blast of this incoming 
rich mixture, or in such a place as will insure that the 
mixing surrounding this electrode will be highly explosive 
and not deadened by a residual charge 

$ The cooling water stream which has picked up a large 
volume of heat from the exhaust-valve environment usu 
ally insures temperature enough to keep a good clean 
plug and a cooling effect that will keep preignition out of 
the probabilities 


9 No cylinder head s| ould be designed whi h will ‘ 


long spark plug to reach the mixture 


6 A vertical spark plug is the only type which runs a long 

time without cleaning. The necessity of putting spark 
plugs at an angle if not horizontal in the head of a valve 
in-head engine is one of the inherent defects of that type 
of engine. This is due to a cleaner oil drainage from the 


plug vertically placed 


‘he plug should not be placed so as ta get the direct sweep 
of gases passing by the piston and rings on the suction 
stroke. 

The above considerations are particularly for the guidance of 
the engine designer. Beyond this he should keep in mind that the 
engine must work irrespective of where the farmer buys his plugs 
or their design. 

Should the user desire advice as to the type of plug, it is only 
necessary to observe the following points: 

1 The insulator should be of the best grade of porcelain or 
stone now available 

2 The center electrode should be at least 340 in. in diameter, 

well smoothed off, rounded, and the distance of its top 
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from the outside air a minimum. Cooling ribs are very 
desirable. No sharp corners or points should be pre 
sented to the combustion chamber 

3 It is not easy to give general specifications for a good mica 
plug, although there are many. As a class they are to 
be avoided. 

Aside from temperature problems the greatest difficulties with 
spark plugs arise out of the limitations of the fuel, resulting in a 
deposit of carbon. Excessive lubrication in the combustion eham- 
ber ean result from heavy fuel and further favors the short-eir- 
cuiting of the plug with oil and carbon. (Journal of the Society 
of Automotive Engineers, vol. 5, no. 3, September, 1919, pp. 265- 
271, 4 figs., gp) 


Skew-Gear Type of Pressure Gas Turbine 
Sanpers Pressure Tursine. Essentially the turbine consists of 


two elements of a skew gear. At the points of mesh a tooth of 
one element in passing down the groove between two teeth of the 
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Fic. 11 DIAGRAM ILLUSTRATING THE LATERNAL MOVEMENT OF PISTON 
TooTH IN A DIAGONAL CYLINDER SLOT OF THE SANDERS GAS TURBINI 


other element is utilized as a constant-velocity piston traveling 
down the equivalent of a cylinder. 

Shrouding around these two elements allows a series of ports to 
be placed in positions which insure at various points of revolution, 
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away here 


Kia. 12 DIAGRAM SHOWING RELATION BETWEEN SKEW-GEAR CYLINDER 
WHEEL AND PISTON WHEEL 


first, the admission of an explosive mixture under pressure; second, 
the uncovering of a small chamber containing a continuous spark- 
ing plug which fires the charge and, lastly, the emission of the 
exhaust gases (ep. Fig. 13 and discussion in a later part of this 
abstract). 
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This takes care only of two phases of the four-cycle system, 
namely, combustion and exhaust; and the experimental model 
receives its charge from an extraneous source, but it is intended 
to introduce a three-skew gear wheel into the train in order to 
provide for induction and compression within the turbine itself. 
No reciprocating parts or valves are necessary. 

Fig. 11 gives a series of three diagrams, each of which shows a 
drum having a diagonal groove cut across its periphery. This 
groove forms three out of four walls of a reetangular-section 
“eylinder,” the fourth wall being provided by a stationary easing 
or shroud around the drum not shown in the sketch. Within the 
eylinder groove appears a black diamond representing a piston 
free to move only in the direction of the dotted center line. The 
rotation of the drum in the direction of the arrow will cause the 
piston to travel across the face of the periphery, so that in moving 
from one side to the other it will travel down the length of the 
groove. If the drum be regarded as one skew gear wheel and the 
piston as one tooth on the periphery of a slice of a skew gear 
wheel, the principle of the turbine becomes clear. 

Fig. 12 will help to understand it. It shows in the upper part 
between two teeth of one skew gear the groove forming a evlinder 
in which ean be seen a piston consisting of a tooth broken off 
from the periphery of the thin skew gear shown in the lower part 


Ls . 
. & “tn, 
Pi e ‘ ; Re, ? Be Fx 
~¢ 8 t ‘ay ( 
_ 


hic.18) Turer Positrions or Tuk Piston Tooru AND CYLINDER GROOVI 
IN THE SANDERS TURBINE RELATIVE TO VPorTS IN THE SHROUD 
AT THE MOMENTS OF GAS ADMISSION, FIRING AND EXHAUST 


of the same figure. As the two gears shown in the figure are 
approximately correct in shape, it may be noted that the teeth 
of the “evlinder wheel” are not flat, but are hollowed with radii 
struck from the center of the “piston wheel” after the fashion of 
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Fic. 14 INTERIOR OF SANDERS EXPERIMENTAL TURBINE (right) AN 


INTERIOR OF THE COVER AND SuROUD WHICH FITS INTO 
THE Ho_t_owep PERIPHERY OF THE Top Roror 
OR CYLINDER WHEEL (left) 


the Lanchester worm gear, which, with the slice form of piston, 
avoids the usual helical-gear clearance formule. This is, of course, 
essential to the turbine gearing, as the “piston-wheel” teeth must 
keep a gastight contact with the “cylinder-wheel” gears during 
the whole time of their meshing. 

It is stated further that the piston wheel is purely an idler, and 
is not called upon to transmit any torque. Furthermore, when the 
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} 


device is running, both the eylinder and the piston are in motion. 


Fig. 13 shows the sequence of events in the power cycle. In this 
figure the periphery of the drum is hollowed out to the actual 
shape and the groove is given a semblance of its correct form. 
In the first of 
after its piston has just entered, is opposite the inlet 


through which gas mixture under pressure is entering. Further 


' 


these diagrams the left-hand end of a cylinder 


rroove, 


rotation of the eylinder groove causes the latter to pass by and eut 
off the inlet, then to uncover the second port in which a constant 


spark is taking place. This position is shown in the second dia 


gram. The explosion takes place, and the eylinder groove, after 
further rotation, is deserted by the piston and the ex ist gase 
are free to escape as in the third diagram. 


;tmal runs of the 


J 12 


experimental mod 












































ENGINEERING 899 
Heavy-Furet Carsureror-Tyre ENGINES For VEHICLES, J. H 
Hunt. The article discusses the combustion of heavy fuels, mean 


ing thereby fuels of higher vaporization point than gasoline in 


and ealls 


engines of constant-volume typ on to 


facts: 


attent two im 


portant 


tributior 


First, the problems of carburation and d 


be separated. Further, when the mixture finally reaches the ev] 


inder the heavy fuels do not burn in the same manner as the 
lighter hydrocarbons, and under certain conditions exceedingly 
severe knocking takes place. Investigation has shown that this 
knoe king 1S d 1e@ to the momentar ex ence oOo eX 

ressures in the engine 

The writer states experience Vv) e t 
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r pressure at 40 to 50 Ib. per sq. in. was obtained from an out handle a wet mixture in an air-cooled, single-evlinder er run 
ade compressor and the air betore being drawn into the com hing under steady load conditions, which indicates that a high 


pressor obtains the necessary amount of gasoline in its passage 


, 
rough 


When the air compressor was turned on 


e turbine the latter maintained a speed of about 


the carburetor. 


‘ 


LOOO rep wm 
e instant, however, that the ignition was switched on the speed 
! 


mped to 4000 revolutions, accompanied by a roar of explosions 


pipe. 
in the presence of the author. 


trom the 


} 


1ed 


exhaust No brake-horsepower tests were per 


Kor cooling, a small power blower passed a blast of cool air 
rectly on the grooved wheel. 
In the article is included a report by W. Morgan, professor of 
tomobile engineering, University of Bristol, in which it is esti 
ted that a unit with the 5.5-in. ey!inder wheel and two piston 
cels should be capable of developing 36 hp. ata speed of 10,000 
r.p.m., and it is believed that far higher speeds are possible. 
In view of these statements Fig. 14, showing the interior of the 
Sanders experimental turbine, may be of interst. (The Autocar, 
vol. 43, no. 1245, August 30, 1919, pp. 317-320, 8 d) 


figs., 


combustion chamber will take care of the effects 


temperature in the 


of previous lack of vaporization, and will tend to 


prevent the con 


densation and deposition of fuel. 


On the whole, the author expresses the belief that so far no 
means have been shown by which the heavy-fuel carburetor engine 
will improve the fuel situation to any great extent. The equip 


ments which have shown promising results in service have handled 


mucu 


nothing heavier than kerosene, and at present only half 
SO called kerose ne as rasoline Is being produced. (.J irva i the 
Nociety of Automotive Engineers, vol. 5, no. 3, September. 1919. 


202-207, 


pp. 
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MACHINE TOOLS 


INGERSOLL DIFFERENTIAL-TYPE ConTINUOUS MILLING MACHINE, 
J. V. Hunter. Description of a new machine built by the Ingersoll 


Milling Machine Co. of Rockford, IIl., and designed essentially for 
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continuous milling operations. It is so built that it may have a 
multitude of working stations, but has only one loading and un- 
loading station, so that only one operator is required to control 
all of its motions and results. 

The main parts of the new machine are (Fig. 15) the lower or 
work-carrying table and the head carrying the milling-eutter spin- 
dies. Both of these revolve in the same direction, which accounts 
for the use of the term “differential” in the name of the machine. 
The difference is in the relative speeds of the two parts, and it 
constitutes the rate of feed of the cutter across the face of the work. 

Vertically through the center of these two revolving parts is a 
large column about which the work table rotates and which, in its 
turn, carries and drives the heavy spindle head. The head carries 
a number of spindles, this number varying with the character of 
the work for which the machine has been planned, and is always 
one less than the number of work-holding fixtures which are carried 
upon the table. This permits the cutter spind!es to be continuously 
operating at all times upon work, yet leaves one fixture idle at the 
loading station, which permits the operator to remove or replace 
work in this fixture before it travels around into a working position. 

The entire upper structure or spindle head rotates toward the 
left of the operator as he faces the machine. The table carrying 
the work at the same time rotates in the same direction, but at a 
slightly lower rate of speed, so that the eutter spindles gain upon 
it at an average rate of 15 in. per min. at the average center of the 
work, which has been determined upon as the proper rate of feed 
for the job under consideration. The relative motion of the spind!e 
head and work table are so timed that when the work table has made 
one complete revolution the spindle head has gained upon it a suffi 
cient distance to carry one spindle completely across the face of 
the work. Because of this, normally a casting which was placed 
in any one fixture is, when returned to the loading station at the 
end of a complete revolution, entirely machined and ready for re 
moval from the table. 

The original article describes and illustrates some of the fixtures 
used in the machine. 

The power drive is by a vertical electric motor mounted above 
the center of the machine. This feature permits the drive shaft to 
extend through the center of the column to the base below and 
saves floor space. 

The number of the spindles on the machines so far built vanes 
from four to seven. Regulation of the height of the spindles for 
the varying depths of cut is obtained by means of standard Inger 
soll quills which extend through the housing near the base of a 
spindle. These permit the operator to alter the depth of cut at 
will be compensate for the wear or regrinding of any or all sets of 
cutters. Each spindle is provided with its individual attachment 
of this character. 

One of the features to which particular attention is called in the 
original article is the absence of any necessity on the part of the 
operator of attending any station other than that which has been 
ealled the loading station; that is, the one where the work is put 
in and removed. (American Machinist, vol. 51, no. 14, October 2, 
1919, pp. 645-650, 6 figs., d) 


POWER PLANT ENGINEERING 


ATMOSPHERIC POLLUTION FROM THE ENGINEER’S STANDPOINT, 
John B. C. Kershaw. The present article is based on the fourth 
report of the Advisory Committee attached to the Meteorological 
Office, dealing with the results obtained by the observations of 
atmospheric pollution in London, Manchester, Glasgow and other 
towns in the years 1917 and 1918. 

An interesting point of view from which atmospheric pollution 
is considered is that of the degree to which it affects boiler feed- 
water, the opinion of the writer being that through air pollution 
dissolved impurities are traced into the rain water in the neigh- 
borhood of towns and cities and that ultimately this water gets 
into the boilers and produces quite undesirable results. 

The general use of higher temperatures and pressure in steam 
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boilers than was customary a few years ago renders it imperative 
that much greater care should be given to the purity of the water 
supply. 

The data reported for the years 1917 and 1918 are compared 
by the writer with data previously published for pre-war use. 
A comparison of these data shows that there has been a nearly 
universal increase in the pollution of the air in the war period. 

Of the materials found in rain water, tar, ash and some of the 
carbonaceous matter are insoluble, while other carbonaceous mat 
ter, chlorides, sulphates, ammonia and soluble ash are soluble. 
There have been found some variations between the amount of 
impurities in various English towns and also seasonal variations, 
the latter being particularly noticeable in the London group. 
( The Engineer, vol. 128, no. 3322, August 29, 1919, pp. 197-198, p) 


SKIMMER IN 800-HorsrePpowerR Borter. Deseription of a baffle 
arrangement used by the Indianapolis Light and Heat Company 
to prevent particles of suspended matter from being carried over 
into the header with the steam by particles of water. 

Before the skimmer was installed the company had a good deal 
of trouble because the feedwater was passed through water soft 
eners and on coming out contained a quantity of suspended matter. 
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Fig. 16 Barrie SKIMMER FOR ELIMINATING SUSPENDED MATTEB 


IN BOILER 


When the boilers were operated at high rating particles of this 
suspended matter were carried over, causing a decrease in super 
heat and clogging up the lines and turbine blading. 

The arrangement adopted is shown in Fig. 16. Two 4 x 4 in 
angle irons were placed lengthwise in the middle steam drum, just 
above the steam-circulating tubes. In addition to this one No. 12 
sheet-iron baffle 15 in. wide was installed lengthwise in the middl: 
steam drum. It is 14.5 ft. long, and so loeated that it breaks the 
force of the water entering from the front drum, while the other 
angle irons check the upward rotation of water within the drum 

A 2-in. blow-off line is installed just below the normal water 
line in both the middle steam drum and the front drum. These 
blow-off lines run the length of the drum and are led into the 
boiler blow-off lines, valves being provided for their control. 

It is stated that the device costs only a few dollars to instal! 
and does away entirely with the trouble previously experienced 
(Electrical World, vol. 74, no. 11, September 13, 1919, pp. 581 
582, 1 fig., d) 
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POWER TRANSMISSION 


ConverTING Macuines TO INpivivuaL Drives. Description of 
methods used in converting a plant doing electrotyping on a large 
seale. 

One make of motor and one speed (1800 r.p.m.) were used in 
order to realize the advantages of interchangeability and stand- 
220-volt tvpe. Belt 


transmission between motors and driven machines was employed. 


ardization, the motors being of the two-phase 


The article is of interest in that it describes in some detail and 
illustrates the way the various drives were installed and also gives 
a table showing the rating of motors driving electrotyping ma- 
(Electrical World, vol. 74, no. 12, September 20, 1919, 


pp. 637-640, 2 figs., dp) 


chines. 


REFRIGERATION 


Test or a 2-Ton Croruen Rerricerating Macuine, M. C. 
Stuart, Mem.Am.Soec.M.F. Data test 
at the U.S. Naval Engineering Experiment Station at Annapolis. 


ot a recently eonducted 


The refrigerating medium in this machine is ethyl chloride, 
C,H,Cl, a neutral chemical having a boiling point 
of 54.5 deg. fahr. at atmospheric pressure. The unit 
consists of a motor-driven rotary compressor, a con- 
denser, separator, expansion trap and brine cooler. 

The construction of the rotary 
shown in Fig. 17. The rotor is located eecentrically 
in the eylinder, which is bored elliptically on a spe 
cial machine. The top of the rotor makes contact 
with the top of the cylinder, thereby forming a seal 
between the suction and pressure sides of the eyl- 
inder. The blades are fitted into four slots milled 
radially in the rotor, and into the outer edges of the 
blades are fitted half-round packing strips which 
are machined to conform to the inside of the cy! 


compressor is 


inder. The blades and packing strips are held out 
by spacing pins which pass through the center of 
the shaft. 
wall is therefore positive, and contact between blade 


and eylinder wall does not depend upon springs or 


The seal between blade and eylinder 


upon centrifugal force acting on the blades. The 
rotor is keyed to the steel shaft, which is carried 
on ball bearings mounted in the cylinder heads. The 


apparatus is lubricated by chemically pure glycerine 
passed through a glycerine strainer. 

The original article shows the arrangement of the refrigerating 
apparatus. From the compressor the refrigerant in the form of 
tubes ar 
ranged in two passes with condensing water flowing through the 


ras flows to the condenser, this latter consisting of U 
tubes. After being condensed the liquid refrigerant, together wit! 
e lubricant, flows into the separator where the lubricant, being 
eavier than the refrigerant, 1s drained back to the compressor 
ind the liquid refrigerant is led to the expansion trap. From 
ere the refrigerant passes to the brine cooler, the construction of 
hich is similar to that of the condenser, the refrigerant being in 
le shell and the brine passing through U-tubes arranged in two 
asses. In the brine cooler the refrigerant is vaporized by the 
eat which is abstracted from the brine and in the form of a 
vapor passes to the compressor where the evele of operations 
tarts over again. 

The principal results obtained on the test are given in a table, 
from whieh it appears that the refrigerating effect is increased 
with higher brine temperatures and lower circulating water tem 
peratures. With a cireulating water temperature of 70.1 deg. fahr 
and a brine temperature of 14.57 deg. fahr. the net refrigerating 
effect was 2.13 tons per day. (Journal of the American Society 
of Naval Engineers, vol. 31, no. 3, August 1919, pp. 624-634, 
6 figs., dt) 


0 


Testing and Measurements 


Norcnep-Bar Tests, Dr. W. C. Unwin. Diseussion of some of 
the questions bearing on the subject of the title of the article, with 
special reference to the Report of the Committee on Impact Tests 
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of the British Association (Report for 1918, page 17 et seq.) 
On the basis of this report, and other data, the author points 

out that the results of tests on a given material vary with the size 

of the test bar. 

be made on bars of the same dimensions the work of fracture per 


Because of this, if notched-bar tests could always 


square centimeter of the section of the notch would be a sufficient 
practical guide to the quality of the material; but actually it is not 
possible to test different materials in different cases with bars of 
uniform size, which makes the results not directly comparable. 

Furthermore, the author shows that the work of rupture is not 
proportional to the volume of the bar. The ratio of the resistance 
of different sizes is up to the present undetermined and tests on 
bars of different sizes cannot be compared. In this connection the 
writer complains that the ratios of kilogram-meters per square 
centimeter obtained for different materials for each pair of test 
ing machines are so divergent in published report of tests, includ 
ing the British Association report, that often it is impossible to 
make anything out of them. 

Quoting the empirical formula of reduction for notched-bar 
tests given by Charpy and Thenard, the author adds the following: 
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Roror COMPRESSOR OF THE CLOTHEL REFRIGERATING 


MACHINE 


“Tt has been remarked that an empirical formula which agreed 
with a series of experimental results, might give some indication 
It has 
been alleged that the constant required in reducing the notched 


of the direction in which a rational law should be sought. 


work divided by volume. 


bar tests must have the dimensions of 
Now, Charpy and Thenard’s bars were geometrically similar, and 
if the above statement is true, the work of rupture should be 
proportional to the eube of homologous dimensions, or to a !*. 
(En- 


aqineering, vol. 108, mp. P2802, September 12, 1919, pp. 329-320, tA) 


According to the tests, this does not seem to be the ease.” 


CLASSIFICATION ARTICLES 


Articles appearing in the Survey are classified as ¢ comparative; 


OF 


d descriptive; e experimental; g general; h historical; m mathe 
matical; p practical; s statistical; t theoretical. Articles of especial 
merit are rated A by the reviewer. 
of the reviewer, not of the Society. 


Opinions expressed are those 


A bill has recently 
whereby jurisdiction is 


been proposed in the United States Senate 
the courts of the 
United States sitting in admiralty, to hear and adjudge suits for 
damages brought by the owner of any vessel or eargo for loss. 
damage or injury to property, due to the fault of any vessel 
owned or operated by the United States or by a corporation in 
which the United States is the controlling stockholder. These 
courts are to enter a decree in a proper case against the United 
States for the amount of loss, damage or injury, together with 
interest at four per cent and costs. 


extended to several 
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ENGINEER 
the union 


As already announced to the readers of MECHANICAL 
ING, the printers’ strike in New York has closed all 
printing plants of the city, the daily newspapers excepted, and 
has resulted in a complete tieup of the printing industry in this, 
the largest publishing center of the country. 
MECHANICAL ENGINEERING is being printed temporarily in another 
city, but will not arrange for permanent publication outside of 
New York unless a situation develops not vet anticipated. 

As the most practical method of handling its publication, the 


In this emergency 


“Society Affairs” material for November, usually contained in 
Section Two of MECHANICAL ENGINEERING, was printed sepa 


rately in a third place and mailed to the entire A.S.M.E. member 
ship and to the subseription list early in the month, in order to 
give prompt service to those interested in the Employment Bulletin 
and in Society announcements. Following this the Technical See- 
a date as could be arranged, and, 
in extent and variety of contents, 
brings to its readers a selection of the papers to be presented at 
the Annual Meeting of the A.S.M.E., together with the usual 
Engineering Survey, Engineering Index 


tion is now issued at as early 


although eurtailed somewhat 


and miscellaneous matter. 


Congratulations to Western Society 
of Engineers 


The Western Society of Engineers, with headquarters at Chicago, 
has just completed a successful drive for membership, resulting in 
2000 new members. One hundred and fifty workers were enlisted 
to put the drive across, divided into ten teams, each with a captain 
and nine solicitors. That there might be no duplication, each team 
was given a definite list of names to work upon. There was the 
greatest rivalry between teams and enthusiasm was 
throughout the undertaking. 

The Western Society was organized in 1869, and though mainly 
devoted to the interests of one section of the country, as designated 
by its name, it actually has a membership throughout the nation 
and in several foreign countries. The engineers of Chicago are 
fortunate in having so strong and long-established a body through 
which to coordinate their interests, and the society is to be warmly 
congratulated on this, its fiftieth anniversary. 


manifest 
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THE 
ENGINEERING AM. 
Mid-West Sections Meeting of The American 
Society of Mechanical Engineers 


An innovation in the development of the sections’ activities of 
The American Society of 
at Indianapolis on Oetober 24 and 25 when the members of the 
the direction of 
The Indianapolis Section handled 


Mechanical Engineers was earried out 
Society gathered for a two days’ session under 
the Society. 
all of the details for the social side of the 


eight sections of 
program, and the seven 
other sections were invited to contribute papers to the professional 
program. This secured a wealth of papers on the two topies cov- 
ered by the meeting, the first of which was devoted to Industrial 
Unrest and the other to Research. 

the 


development of the Society, the Council contributed by holding its 


Reeognizing the importance of meetings of this kind in 


October meeting at Indianapolis and participated in several fea- 
tures of the program. 

At the opening session Friday afternoon, Dean Charles Russ 
Richards, of ft Illinois, presided. WwW. ¢ Rogers, 
Manager of Association of St. 
diseussion on Industrial Unrest, 
for 
plovees, adoption of measures for their health and for recrea 
tional facilities, and the Americanization of foreigners, among other 
were urged by Mr. 
prepared by C. F. consulting engineer of 
Arthur L. Rice, Chairman of the 
It urged that the piece-work system be placed 
in operation only after thorough investigation to determine a just 


the University o 
the Employers’ Louis, opened 

with an analysis of the causes and 
the existing conditions. 


remedies Adequate wages for em- 


points, Rogers. 


A paper Seribner, 
Chicago, was presented by 


Clhieago Section. 


scale and to insure that rates would not be revised without a 
change in the conditions forming the basis on which they were 
first established. 

Results of the Americanization Program Carried Out by the 


Commonwealth Edison Company of Chicago was the title of a 


). Bailey, Assistant Chief Engineer of that 
the Americanization of 
education in 


paper presented by A. | 


Company, who discussed foreigners by 


means of primary our language and methods of 


government. 
Dean J. A. Watkins, Director of the Department of Indust 
Medicine of the University of Cincinnati, 


rial 
deseribed the work un 
dertaken in the study of industrial disease. 

Manufacturing Methods, together with the Proper 
Training of Men toward Organization, 
trated address by Prof. B. Senedict, Manager of 
the University of Illinois. 
Following a banquet in the evening, Charles F 


Intensive 
an illus- 
the S| op 


was the text of 


Laboratories of 
". Coffin, President 
of the Indianapolis Chamber of Commerce, welcomed the visitors 
and Dean M. E. President of The 


Cooley, American Society of 


Mechanical Engineers, responded. After this an unique and 
interesting address was given by Dr. Willis A. Moore of Detront, 
Mich., who is now devoting his time to addressing the workers 


in various manufacturing plants, inculeating a spirit of true 
Americanism, a desire for closer relationship between capital and 
and an the pro 
duction is essential at the present time. Dr. Moore stripped off 
his coat and collar, actually, not figuratively, and made his talk 


a realistic reproduction of a noon-day shop meeting, such as he 


labor understanding of reasons why inereased 


addresses from day to day. 

The session on Research, at which Prof. Arthur M. ¢ 

presided, brought forth a number of excellent papers. 

F’. Hirshfield, Director of the Research Department of tl 
Detroit Edison Company, opened the session with a statement o! 
the Present Status of Research in the Industrial Life of the Cow 
try, and pointed out the necessity of the attention to the problen 
of finance, distribution and utilization of products, as one mea 
of stabilizing industrial conditions. 

The Administration of Industrial Research Affairs was pr 
sented by R. E. Carpenter, Director of the Researeh Department, 
Aluminum Castings Company of Cleveland. 

L. G. Robinson, of Cincinnati, spoke on Coédperative Industrial 
Research and Dr. E. P. Hyde, Director of the Nela Park Labora 
tories, deseribed the work done there. 


ireene, Jr 
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\ paper on the Fatigue of Metals Phenomena was read by) 
Prof. H. F. Moore, of the I niversity ol Illinois, who had wit 
him & reel, showing by motion pictures in detail the effeet of stress 
of steel. 

Dean C. Hl. Benjamin deseribed the tractor testing plant at 
Purdue University and Mr. L. ¢ 


Nordmeyer read a paper on Ke 
search, prepared by W. G. Hessenbruch of St. Louis 

Dean J. RK. Allen, Director of Research for the American Societ 
ot lleating and Ventilating Engineers, completed tie provgran 
with a paper on Pure Science and Engineering Resear 

At the completion of the professional portion of the program 
the members en joved an automobile trip to the Indianapolis Canoe 


Club for luncheon, going later to the Aviation Repair Depot and 


e speedway flying field, where exhibition flights were made 


‘Transactions of the A. S. M. E. 


Volume 40 of the Transactions of The American Society o 
Mechanical Engineers has been issued to the member 1 Phe 
volume comprises forty-four papers and discussions on a wide 
variety of mechanical engineering and industrial economic sub 
ects; two reports by committees of the Society one on the metrie 
system and export trade and the other on the standardization of 
flanges and pipe fittings; and a comprehensive symposium on the 
economical use of fuel, occupying practically one-sixth of the boo! 
ind forming a consensus of the experience of a large number of 
engineers, contributed in the interests of the national fuel-cor 


ervation program. A number of the industrial papers relate to 


rroblems brought to the fore by the exigencies ot the war. 


One group of papers deals with thread gages and with the wor 


4) 


| 
e British Engineering Standards Association, while 


her takes up problems involved in the employment of labor 


‘ 


{other subjects conside red in the remaining papers are manage 


ent, power-plant lopies, aeronautics, weights and measurt 


indry costs and accounting, lactory construction, in ernal-com 


tion engines, refrigeration, mechanics, textiles, ete. 


The preparation of the volume has been carefully supervised 
the Publication Committee of the Society, and special pains 
ve been taken in the selection, arrangement and indexing of the 


erial to make it of the greatest possib!e reference value. 


The American Air Race 


During the month, as part of the experimental program carri 
by the War Department, an air race was conducted between 
neola, Long Island, and San Francisco, the conditions of the 
e being that each of the fliers had to start from and get back 
ne of these terminal points. Only military thers were per 
ted to participate, various machines, American and foreign, 
ng used. 
ough at this writing only fragmentary data are available, 

ew tacts nevertheless stand out. Several thers have completed 
cireuit either from Mineola to San Francisco and bac k, or from 
rane sco to Mineola and back, which shows that machines ean 
built to stand a 7000-mile trip under comparatively unfavor 
e weather conditions. 


(nother lesson of the flight is the apparent unsuitability of the 


eHaviland-4 machine for long-distance flying and its lack of 


v. In several aecidents pilots were killed under conditions 
ich indieated that had the aecident occurred in a different ma 
ine, such as, for example, the DeHaviland-9, the pilots might 
ve escaped with only minor injuries. 

"he most important and, to those who are familiar with the 
nditions of aviation service in this country, by no means unex- 
ected lesson of the flight lies in its showing once more the high 
erage of the human material in the service. The flight took 
wee under more than usually unfavorable weather conditions. 
le qualities of the machines were well-known. There were no 
sreat prizes offered, and the men flew and took great and well- 
recognized risks, simply as part of the day’s work. The large 
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number of men who volunteered for the race showed a quite ex 
ceptional average of skill under very adverse conditior 

There is no question but that the American army possesst is 
fine human material for the upbuilding of its flying branch as 
could be desired, and it only needs that the mechanical equipment 


of the service be brought to the same andarad, 


The Engineering Index for 1919 

Although the annual volume of the Engineering Index has here 
‘for been based upon the classified system, i ia iong heen tne 
opinion of many who use the index that a strictly alphab« 
irrangement would greatly enhance the value of the volume. Ac 
cordingly the items which form the 1919 Engineering Index will 
be alphabetically arranged, with liberal cross-references provided 
The 1919 Index, published by the American Society of Me 
chanical Engineers, will be a volume of approximately 500 pages 
and will contain over 12,000 references to engineering literature 
of the eurrent year. These references have been selected from over 
1100 periodicals which are regularly received by the library of the 
United Engineering Societies, and which represent the leading 
literature of the engineering profession both in this country and 

abroad. 
On account of the difficulties in the printing industry, no definite 


announcement can as ye he made concern ng the date ot 


publeation, but if iS hoped that the book will make 1S 
| the coming year, and as sor 


ippearance early in mas possibile Lurthe! 


details will be announced. 


Dedication of Pittsburgh Station 


Bureau of Mines 


(he new buildings of the Pittsburgh Station, U. S. Bureau of 


Mines, were formally dedicated on September 29 and 30, and 


October 1, under the auspices of the U. S. Government, the State 


of Pennsylvania and the city of Pittsburgh, the Chamber of 
Commerce cooperating. 

The station at Pittsburgh, with its spacious buildings, its mu 
seum, and its many laboratories and offices, is the largest of the 
eleven experiment stations of the Bureau distributed throughout 
the country, and is of particular interest to mechanical engineers 
because of its fuel laboratory, constituting as it does one of the 
two Government laboratories for the investigation of mechanical 


engineering problems, the other one being tlhe Naval Experiment 


Station at Annapolis. This, of course, is exclud ng the specia ized 
work of the Government in aireraft and in eonnection with the 
phvsieal laboratories at the Bureau of Standards. 

While the Bureau of Mines is engaged primarily in mining 
problems, and particularly those relating to mine safety, a large 
and important part of its work is concerned with the problem otf 
obtaining greater efficiency in the burning of coal. The Bureau 
has been the pioneer in combustion experiments in the United 
States and has issued many reports on this subject famiiiar to 


engineers, 


The fuel laboratory at Pittsburgh is splendidly equipped and 


more apparatus of commercial size will be added in the near 
Extended experiments in the transmission of heat throug! 
boiler tubes and furnace walls are under way, and it is here that 
the research work lately instituted by the American Society of 
Heating and Ventilating Engineers is to be conducted with re 
spect to systems of heating, radiation constants, air standards 
based on humidity, ete. 

At the dedication of the Pittsburgh buildings there were open 
ing exereises at which Governor Sproul of Pennsylvania was the 
principal speaker; a reception by Dr. Manning, Director of the 
Bureau of Mines, and Mrs. Manning; a pageant glorifying the 
mining industry; and a dinner given by the Chamber of Com 
merce. During the three days of the celebration demonstrations 
were made of coal-dust explosions and there were mine-reseue and 
first-aid contests by teams from different states. 
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TECHNICAL PAPERS TO 
A. S. M. E. ANN 


N this and the last number have been printed extended abstracts 
| of several of the papers to be presented at the coming Annual 
Meeting of the A.S.M.E., and there are given below very briet 
summaries of a larger list of these papers than it has been possible 
to incorporate in these two last numbers of MECHANICAL ENGINEER- 
ING. These papers are available in pamphlet form for distribution 
to the members of the Society in advance of the meeting, which 
oceurs December 2 to 5. Members wishing copies should notify 
the Secretary of the particular papers desired and pamplets 
will be forwarded promptly. 


CoMMON ERRORS IN DESIGNING AND MACHINING BEARINGS, by Chris- 
topher H. Bierbaum. In this paper the author discusses such matters as 
oil grooves and their proper distribution, the disadvantages of tight-fit- 
ting bushings, proper methods of finishing brasses to provide for ex- 
pansion when running, and proper methods of clamping bearings while 
they are being machined. He also shows by means of photomicrographs 
of finished surfaces the importance of using sharp tools with the proper 
rake in order that the crystalline structure of the surface material of the 
bearing may not be so crushed and compacted that it will fail to function 
as a normal bearing alloy. 


TuRBO-COMPRESSOR CALCULATIONS, by Allen H. Blaisdell. A paper 
dealing at length with the thermodynamic and pneumatic principles 
involved in the operation of a turbo-compressor, and including in its 
treatment a study of the nature of compression, and the layout of a 
compression diagram, the theory of fluid flow, essentials of impeller and 
diffuser design, and considerations regarding power consumption and 
efficiency. 


Tue Hvip ENGINE AND Its RELATION TO THE FUEL PROBLEM, by 
E. B. Blakely. This paper describes a type of engine, the Hvid, which 
it is claimed has all the advantages and none of the disadvantages of 
the so-called Diesel type, and which is being produced in units as small 
as 1% hp. It can be started cold. It has no complicated air-compressor 
systems and is said to be so economical that it can compete with gasoline 
engines of the same size. The author outlines the operation of the 
engine, describing in detail the suction, compression, power, and exhaust 
strokes, and presenting a series of indicator cards. Fuel consumption 
is shown by means of a series of curves obtained as the results of tests 
performed. The paper concludes with a discussion of the heat balance 
and torque characteristics of the engine. It is pointed out that there 
are certain characteristics of the engine which ought to attract internal- 
combustion engineers to its study to the end, perhaps, of perfecting it 
and thus assisting in solving some of our fuel problems. 


EMERGENCY FLEET CORPORATION WATER-Ti Be BoILeR FoR Woop 
Surps, by F. W. Dean and Henry Kreisinger. This paper describes 
tests upon the standardized water-tube marine boiler designed by the 
United States Shipping Board, Emergency Fleet Corporation. Of the 
1352 ordered, the first 706 were alike. The other 646 were ordered 
with slight changes including the use of four passes instead of three 
passes embodied in the original lot. In view of the large number of 
boilers needed, the scarcity of steel and the desire to secure competitive 
prices, the water-tube type was adopted instead of the Scotch marine 
type. This made it possible to have the boilers constructed in inland 
shops throughout the country and effected a reduction in the weight of 
steel of more than 9,000,000 Ib. for the total order. The boilers had 
a grate area of 65.54 sq. ft., heating surface of 2500 sq. ft. and a com- 
mercial hp. of 435 on the basis of the marine rating of 6 lb. of water to 
a sq. ft. of heating surface per hour. Under test the three-pass type 
showed at first an efficiency of 60 per cent which was later raised to 
about 73 per cent, based upon combustible, by certain changes which 
were effected. The four-pass type exceeded 74 per cent on two tests. 
These results were obtained when the boilers were hand-fired. Sub- 
sequently an investigation was made by Mr. Henry Kreisinger of the 
Bureau of Mines of the mixture of air and combustible in the furnace 
and of the temperature of the gases, details of which are given in the 
text together with tables showing the complete results of the evaporative 
tests. 


FLow oF WATER THROUGH CONDENSER TUBES, by William L De- 
Baufre and Milton C. Stuart. This paper is the result of a series of 
tests which were conducted at the United States Naval Engineering Ex- 
periment Station at Annapolis, Md., to determine the friction loss of 
water flowing through %-in. standard condenser tubes of No. 18 gage. 
The investigations covered variable velocities, water temperatures, and 
tube length, as well as the effect of both fresh and salt water. The compu- 
tations were made in such a manner that the various losses could be 
separated and the results have been expressed in a general formula. 
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WAGE PAYMENT, by A. L. DeLeeuw. A paper which discusses the 
various items entering into the present relations between employer and 
employee. The author first calls attention to the fact that some of the 
terms which are most commonly used are not clearly understood 
Among these are “capital,” “labor,” “right to organize,” “collective 
bargaining,” and “wage.” He accordingly discusses each, and then takes 
up the subject of the various systems of payment in existence at the 
present time. Taking the aims of the organized labor to be: (1) 
proper share of the proceeds of labor, (2) reasonable working conditions 
and working hours, (3) right to organize, and (4) collective bargaining, 
the author believes that these aims could all be accomplished without 
strife if collective bargaining were put into actual practice instead of 
being a mere catch word. In conclusion he states that in his opinion 
the real cause of the current unrest lies in the fact that our present 
wage system is not based on knowledge and justice, but only on guess 
work and on the fear that the one of the parties concerned may “do” 
the other. 


SLOW-SPEED AND OTHER TESTS OF KINGSBURY THRUST BEARINGS. 
by H. A. S. Howarth. This paper presents operating and experimental 
data which show the wide range of application of the Kingsbury thrust 
bearings. The author describes typical installations of bearings which 
have been in successful operation since 1911. The Kingsbury thrust 
bearings have been applied to vertical and horizontal hydroelectric units, 
to horizontal steam turbines and to centrifugal pumps, and to determine 
some of the service conditions, a series of slow-speed tests were made, 
details of which the author presents in his paper. The results of these 
tests indicate that the lower the speed at which the bearing is run 
continuously, the better the conditions of bearing surfaces. Speeds as 
low as 0.38 r.p.m. have thus far been employed, using, however, only 
a light oil. 


A PERFECTED HiGu-PRessuRE Rorary Compressor, by Chester B 
Lord. A paper giving particulars of an improved rotary compressor of 
the eecentric-rotor and telescopic-blade type, in which leakage, friction. 
and packing troubles have been overcome to such an extent that a 
volumetric efficiency of 92 per cent at seven compressions (100 Ib. per 
sq. in.) is said to be commercially obtainable. This compressor, it is 
stated, will handle gas, air or liquid, or all three, without adjustment 
or alteration, and a single-stage machine will compress to a pressure 
of 500 Ib. per sq. in.; further, it is possible to compress to 1000 Ib. in 
three stages with the three units on the same shaft 


MopeRN Evecrric-FurNAce Practice AS RELATED TO FOUNDRIES 
IN PARTICULAR, by W. FE. Moore. In this paper the author, after first 
giving particulars regarding the operation of acid and basic furnaces, 
enumerates the superior properties of electric steel, and the advantages 
of the electric furnace over the open-hearth method. Crucible and con 
verter processes are next briefly mentioned, the author pointing out the 
superior characteristics of the acid type of furnace for foundry work 
To set forth the marked economy of the electric furnace, comparative 
operating costs of producing liquid steel both by the converter and th: 
electrie-furnace process are given, and the paper concludes with notes 
on the use of the electric furnace in malleable-iron foundries and on the 
selection of the most suitable type of furnace for a given installation. 


ScIENTIFIC DEVELOPMENT OF THE STEAM Locomorive, by John E 
Muhlfeld. Although marked progress has been made in the develop 
ment of the steam locomotive and the results have been in many respects 
exceedingly effective, they have, nevertheless, been largely confined to 
assisting in improving sustained boiler capacity and increased therma! 
efficiency. There is, therefore, still considerable opportunity for further 
improvement, and this paper is a discussion of the various factors in 
cidental to the design and construction of locomotives. Such matters 
as purification of boiler feedwater, use of various grades and types of 
fuel, heat losses, steam generation and superheating, steam distribution 
and utilization, and wasted heat are accordingly considered. The author 
also discusses acceleration and deceleration of a locomotive, and the 
power required for accessories such as air-brakes, signals, train lighting, 
heating, ventilating, ete 


AN INVESTIGATION OF STRAINS IN THE ROLLING OF METAL, by Alfred 
Musso. This paper is a discussion of one of the most important prob 
lems incidental to rolling-mill operation. In such mi'ls, while raw stoc! 
is being transformed, a certain amount of material is wasted, and to 
determine the factors involved in this waste, the author asks and answers 
this question: “What is the most convenient length and width of the 
piece of metal to be rolled in order to produce a finished article of certain 
definite dimensions so that the waste of material may be reduced to a 
minimum?” The answer, which forms the body of the paper, is based 
on data secured as a result of actual investigation. 


A New Type oF Hypravric-TuRBINE RUNNER, by Forrest Nagler, 
This paper is in the nature of a preliminary announcement describing 
the development of a new type of water-wheel runner, which it is ex 
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pected will largely supplant the well-known mixed-flow reaction type 


he first part of the puper is devoted to an explanation of the term 
haracteristi peed which, while in the nature of a repetition of 
n h mo ive articles previously written, is nevertheless thought 
to be desirable | use of its peculiar adaptability to water-wheel anal 
VSis \ brief history of water-wheel development is next presented, 
which indicat that for nearly one hundred ears haracteristi« 
speed rt lnall increased from ZO to 100, whereas the ne borm 
of runner 1 characte speeds averaging 150. The paper con 
le \ na rt statel nt of tl idvantag id f | 1 lica 
APPRAISAL A VALUATION Meriuops, by DD dit. I} 
i ind 1 iT ntiaily ene 
nd tl | t neer to d lop vid 
| | loved. Ih d ! 
iff i | ton I 1 ial nd n aleato I 
i tho pa ' 
( lation re nto 
f ] ad it 
Ihe r ) ! n to the « 
i ! grou vy « ! 
f r es; ' BE 
K EROS! AS A | oR Tlign-Srrep ENGINES, by I ( ] 
Seat I) ’ msiderable work has been done t i 
i fuel for internal-« ibustion engit | 
| $ Po study tl th thor g 
sona high-speed, heavv-duts of engi 
dl thes tests form the bas 3s of his prebpre! ¥ 
I . fand the manner of conducting the tests are deseribed in de 
] ind 1 re t of his work the author states that in his opinion a 
ne engine would be suceessful if designed so that the piston dis 
ment were higher than that commonly used, if the intake passages 
irger and shorter, and if the incoming gases were heated to a 
tur onsiderably above that of the boiling point of kerosene 


Qun Pipe Lines, by S. A 


pe-line transportation of oil 


Sulentic This 

that of rail and canal It also 
nts out the advantages of the oil engine as a means of ece 
nsporting oil for a 


ins of which one 


paper compares the cost 
with 
long distance and derives formule 


may calculate the pressure, net 


through pipes, 
horsepower, and 
ke horsepower necessary to transmit 


any quantity of oil through a 


of known diameter 


Tur TuerMat Conpt 


s by T. 8S 


CTIVITY OF INSULATING AND OTueR Matt 
Although nters have been 
ested in making thermal-conductivity measurements, but very few 


ire available 


Taylor numerous experime 


for such materials as are used in the construction of 


rical machinery. To further investigate this field, the author ac 
rly conducted a series of tests based ] 


detail Th 
fuller board, cambric, mica 


upon two methods, both of 


h he explains in results obtained are tabulated for 


iterials as fish paper, tape, various 


woods. asbestos. plate wool felt. ete 


sheet steel, 


LUBRICATION OF 


ition 1s 


SALL Beart nes, by H. R. Trotter. Ball-bearing 
a subject of which little is known, and this is chiefly due to 
that there is no accepted method of determining the lubricating 
an oil or grease As a step toward the development of a satis- 
method the author has devised an instrument for such a purpose, 
The operating char 
ties of a ball bearing as related to the problem of lubrication are 
The 

is also briefly considered and 
per concludes with a suggested procedure for the analysis of lime 


vrenses 


of 


description of which is given in his paper 


liscussed and the specifications for a satisfactory oil are given 


rrease 


and graphite as a lubricant 


READ FORMS FOR WORMS AND Hops, by B. F 


m gearing is steadily 


Waterman. The uss 
accompanying it, perhaps 
is a corresponding increase in efficiency and durability This 
less the result of a better understanding of both the theoretical 
echanical problems involved, some of which the 
iper 


increasing and 


author points out 
The author also suggests methods for bringing about a 
ind satisfactory practice in worm gearing 


PUMPS FOR CONDENSING EQUIPMENT, by Frank R. Wheeler 
iper is devoted to a consideration of past and current practice in 
p design and After presenting a classification of 
ips the author proceeds to briefly describe the features of each 
ating their limitations and respective advantages and disadvan- 
Special attention is given to the steam-jet ejector type of pump, 
advantages are stated to be 


select ion 


extreme simplicity, reliability and 
ility, stability, minimum space and weight, low steam consumption 
igh efficiency ; and furthermore that it requires no maintenance or 
The author concludes his paper by taking up the matter 
cting an air pump of proper size and capacity for a given con- 
installation, accompanying his discussion with illustrative cal- 
‘tions and charts. 


ron. 


ENGINEERING 





OCTAVAL NOTATION AND THE MEASUREMENT OF BINARY INCH I’RAC 
rions, by Alfred Watkins. This paper is an argument for the 
of a system for measuring the binary inch fraction At pre 
} iwo s\ ‘ ol hic h | id nl ith » | = qua 
eighths, ( nd e other hich } ! il 
The author pi o replace the notatic 
eight ) ) | i I I lix II ora o p 
method of I ha nota I S y ) | 
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OCTAVAL NOTATION IN SHOP 
MEASUREMENTS 


SIMPLIFICATIONS IN MEASURING “LIMITS’ 


The fact that all the standard binary fractions are expresse 
in the first two places of octavals, and that all the limit allowance 
and tolerances come in the next (3d and 4th) octaval place rives 


a new and unexpected value to octaval notation. The workman 
sets his standard size on two seales of the ealipers or micrometers 


and the plus or minus allowance on two different seales. No peneil 


or mental calculation of adding or deducting is required. Another 
happy fact which makes the provision of limit tables for octavals 
very easy, 1S that the third place in octavals (,001 1s » an 


half this (,,0004) is iorz, which is so near the much-used “thou” 


of the mechanie (within 24% per cent of it) that it ean safely be 
substituted for it in all the limit tables. 

pro 
posal for the substitution of octavals for decimals in all branches 


In conclusion, it should be stated that this paper is not a 


of engineering. It advocates their use to denote the British binary 
inch fractions in the workshop and on workshop precision instru 
ments. Any use beyond this, and there are many, is for future 
experience. A maker adopting these in workshop practice need 
not bring them into his eatalog until their simple logical structure 


is better known. 


A PERFECTED HIGH PRESSURE 
ROTARY COMPRESSOR 


iContinuecd from page S7S 


The compressor may be built either vertical or horizontal and in 
the small sizes up to 5 eu. ft. it is air-cooled. Between this and the 
15-eu. ft. size it is partly water-cooled. In the 20-cu. ft. size and 
above it is completely jacketed. 

The advantages of the rotary compressor, all of which have been 
demonstrated commercially, are as follows: 

1 Small weight per unit of capacity, about 


reciprocating machines 


5 of that for 


2 Small amount of floor space required, about »', of that 
for reciprocating machines 

3 Small initial cost of installation 

1 Most economical drive known employed, either 
motor or steam turbine direct-connected 

5 Small amount of headroom required. The 


elec tric 


machine is 
usually about the same size as the motor required to 
drive it 

6 Simplicity of construction and hence small cost for ad 
justment or repair 

7 Self-lubricating, since the entire machine operates in a 
bath of oil. 
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A MASTERPIECE OF STEEL 
CARVING 
At a meeting of the New York Section on October 9, 1919, 


preceding the address of the evening, Mr. George J. Foran ex 


hibited what he considered to be the finest modern specimens of 


Mr. Foran added 


historical analysis of 


steel carving. interest to his exhibition by lis 


briet the eauses which brought the art o! 
wrought-metal work to the highest state of perteetion during the 
golden age of Nuremberg, namely, its vital importance to the 
the | 


ruling classes and insistent demand and 
muneration for armor of maximum combined efficiency and beauty. 


commensurate re 


This, with the added honors bestowed upon the most suecesstul 
artisians, inspired successive generations of artistie crattsmen to 
devote their entire life, thought, and energy to the development and 
perfection of the essential arts of heat treatment, hardening proe 
esses, etching, fretting, enameling, damascening, embossing, an 
sculptural work. 


t} 


Many of these arts beeame practieally lost when 


e demand for this highly specialized eratt ceased with the passing 
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assistants inside are busy at work. 
the 


forest to be ne 


The smithy is the character 
Middle Ages, built upon the 


istic one ol rough hillside in the 


‘ar the charcoal supply; piles of mud and stone will 


be seen upon the root to keep it from blowing off. On the road 

a “§ Pe erg oe ' eo me 
up to the eastle will be seen a journeyman smith asking a village 
maiden the Way to the smithy, whieh she is pomtinge out. The 


amount of undereutting and perfection of detail work can only be 
realized upon close inspection. 
This beautiful carving was produced by 


Mr. Frank L. 


apprenticeship in 


Kora 


lewsky, ol Boston, who served his 


Grermany 


with a firm otf old-established 


the best 


artsmiths who ndhered strietiv to 


traditions of their art. After his masterpiece had been 


accepted and he was created a journeyman, Mr. Koralewsky spent 


) 2 ‘ 
several years traveling and working in different se (rer 


tions ol 
many to become familiar with every branch of his art and to study 
the exhibited work of the early masters, lle 


States in 1896 and settled in Boston. 


came to the United 
llis work received immediate 
lLlarvard, Yale and 


sereens at the Catl 


recognition and his gates will be found at 


Princeton Universities, his edral of St. 


John 
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Tue “Forest SmMiruy.”” CARVED FROM 


OF BOSTON. 


2-IN. X 12-IN. 
WEIGHT IN TI 
of armor upon the gradual practical development of firearms dur 
ing the fifteenth century. 

At this time Nuremberg reaped a well-earned reward for its long 
continued encouragement and protection of the arts and crafts by 
becoming, in addition to one of the great marts of the commercial 
world, the center which all great religious, se 
artistic movements of Germany emanated - 


from holarly and 
for the reason that 
most of the important German scholars, artists and eraftsmen had 
gradually been drawn to Nuremberg. These men, led by such 
master craftsmen as Peter Vischer, Adam Kraft and Vist Stoss, 
under the inspiration and example of the scholar-mathematician 
and artist, Albrecht Diirer, the father of German painting, turned 
their talents to commercial lines with great success. 

The “Forest Smithy,” rather inadequately reproduced in the 
accompanying illustration, in its subject, period, conception, per- 
spective and execution is a perfect specimen of the old Nuremberg 
school. It depicts the moment when a knight, riding through a 
forest, discovers some trouble with his armor, and having tied his 
charger at the edge of the wood, is engaged in testing and bending 
the blade of a sword which the old smith is showing him while his 
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Minp Sreen, 18%-1N. LONG, BY FRANK IL. KORALEWSKY 
127 I.n.. FINISHED 30 Lp. 


the Divine in New York, and fine specimens of his work in loc! 


handles, hinges, irons, ete., in the large public and private estat 


throughout the country. He received the go'd medal and grat 
prize at the Panama Exposition for his carved wrought-iron | 


illustrating the old White the Sev 


Pairy tale of “Snow and 
Dwarts.” 

Mr. Foran also exhibited a wateh carved by Mr. Koralewsk) 
wonderful detail 


Mr. Koralewsky executes this carved work in his spare time put 


most and several smaller pieces of his w 


from his love of the art and always with the hope that by 
exhibition other workers may be similarly inspired and the stan 
of the eraft thus raised. 

These specimens were loaned by Mr. Koralewsky to Mr. | 
for the purpose of exhibition at the different works of the W: 
The 


satisfactory in the way of deeply interesting the various wor! 


thington Pump and Machinery Corporation. result was 
and furnishing them an outside interest for their spare time 1 
reading the histories of the development and successes of the great 
craftsmen and studying the possibilities of the material upom 
which they work ordinarily in a purely perfunctory way. 
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THE JAMES WATT CENTENARY 


I’ the Jame Watt ( entenary Commemoration exe! ‘ ‘ 
l Bin mn, England, from September 16 5, there 
presen t notable thering of enginee! ana Cle?! 
tribute to thus remarkable man. The Society was lortunate ! weir 


three of 1 
Vreutt and J. Sanford Riley. 
The program arranged by the committee was a1 tf compre 


nensive one ar d it wou d be ditty ult Lo attempt oO tel] ot the mar 


events. T) ree, howeve Se will long be re THLE TIL red thiose Ww 
ook part in the eXereist the service at the parish ¢ re ‘ 
Handsworth where James Watt was buried, the chapel of why 


contains the famous Chantrey seulpture of the great engineer: 


hop of W att, 


nis early engines which was put uncde r steam tor the occasion 


isit to the garret worl 


lhis was the Oecker Hill engine 


smet 


whiel 
hwick for 
e Birmingham Canal 
he main p 


irpose of the 


ing ot a tund for mem 


the University of Birmit im tor the pre ” reseal 

) e fundamer principles underlying the proc n ¢ 

wer and ‘ tudy of the conservation of the natur I 

rery It i »> hoped to erect a James Watt Memor Buildiu 
erve as a must r collecting together miprle e wo! 
James Vatt and contemporaries, Bou n nd Mur 
trating this interesting epoch in the history of encin 
building would also serve as a meeting place and rary for 
ntiihe and technical someties and be a center from 1 co en 


l ul ley 
Knowiledarce, 


neers could cooperate in spreading seientific 


In a little pamphlet issued for this oceasion there appear 


ery interesting skete ot the eareer ot James W att written ty 
‘rof. F. W. Burstall of the | niversity of Birmingham, an abstra: 
which follows 
name of Watt is fa ir on both sides \ , 
d years have now ela l e his death. i ' 
value the influes which his genius 1 ' 1odern 
1 
I opular idea that Watt invented the stear ngil , 


en engine had been in regular use for more than a century 








s discovery Watt's work lay in the improving of an i 
isteful machine, which could be emploved o1 
to tl owerful and economical steam engir t e 
ul In the evolution of our modern es l¢ I is 
rhaps a greater effect than any other singk flue nd in 
pment of the steam engine James Watt stands out as the great 
\\ started life as an instrument maker and was so emp] ved by 
University of Glasgow where he was led into the study of t . n 
nh repairing a model of the Newcomen engine In his experiments 
rned how wasteful was the Newcomen in fuel consumption and 
on started his study of heat properties in which he received 
aid from the well-known Dr. Black Watt was not lor I 
that the great defect in the Newcomen engine lay in the ejection 
condensing water into the cylinder. which led to his discovery of 
irate condenser with which his name will be ass ited al 
\s is usnal with inventors. the vears immediately following his dis 
were years of trial and disappointment Success ! when 
tnership was formed with Matthew Boulton, a well-known mann 
r of small metal goods in Birmingham and the founder of the 
f Soho Work Ile was a man of great enterprise and dauntless 


and his belief in Watt's 
on of a quarter of a ec 
n Watt's succes 


it his life 


hout their 





genius never wavered throug 

ntury One other man had no small 

s and this was William Murdock who worked 

Soho Works. His invention of gas lichtin yr. his 
ion of compressed air for power distribution and his experiments 
nically propelled vehicles, carried out in rnwall as early as 

- 1 go to prove him a man of remarkable power 

' 3 first engines 


at the 


were principally used for pumping in Cornwall. 


the deepening of the mines made an economical source of power 
l. The first rotating engines were not produced until nearly ten 
ter Watt had settled in Birmingham. It was Watt's intention to 
common crank for the purpose of the conve 
rotary motion but in 


o the : : 
: rsion of reciprocating 


this he was forestalled by the idea's being 


MECHA NICAL 


- membe rs, J. \\ fred i rris, I] | L, 


and the inspe on ot one 


ENGINEERING 


907 
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\ Plea for the Enfranchisement of Junior 
Members 
| ‘ 
I", r thi Mrovis , ‘ ‘ ( , ‘ \ ] 
dopted 34 vears ag Junior mer ers | r Ss ( 
wed to hold office or ¢ en to te e G ! e} ! 
e! ind n some st es a M eC! not ? ‘ ) r a 
( e immediately on coming of ( Our re Ss ar ela 
! nizations are | nvthing, even more ibera nt re ect 
(mong scier ‘ nd technical societies I find the engineers are 


. » this inction. As soon as doctors 
or lawyers or architects are admitted to practice they are riven 


he meht to vote and hold office in their respectiy 


reranizations, Will t be alle red that our Juniors, who in most 


es have completed stiff courses in hic] grade engineering schools, 

re less qualified to bear a responsible part in professional activi 

} As I pointed out in the February issue, “T} IS Class ot mem 

bers will always be in a hopeless minority.” A Junior who ins 
our Society on coming of age and who later bee 


nd 


S eleven vears without a vote! 


better off for having the 


12 voung 1 3 point 
ew? Do we not need the vo ing man’s capacity for dre ng 
dreams and seeing visions? When it was 11 er of reer ing 
! ments Tor service in France, it w these 21-30-vear olds we 
nted Have they not earned the right to full « panionshin 
n the Republic? Perhaps some one who thinks otherwise w 
te us why 
Morris | A YN Cook 
Philadelphia, Pa 
COMMON ERRORS IN MACHINING 
OF BEARINGS 
nw ( pro ed to he the sole « iuse tor the ver unsatistactory 
performance whic this wheel gave in service Fig. 6 shows a 


magninecation of part of the edge b of Fig. 3, the inner ¢ dge or sur 
face of this wheel from which it is centered accurately to within a 
thousandth of an inch upon its spider. This surface had been 


] | 
tooled in a horizontal boring mill with a single eut, the tool set 


as to produce a smooth finished surface. The 


SO 


eutting of this sur 
face, however, was done with a tool that was sharp and had 
sufficient rake, showing that it is an easy 


matter to eut a bronze 
surface satisfactorily without distorting t] 


e natural orientation of 
its ervstalline structure. 








NEWS OF THE ENGINEERING SOCIETIES 
Reports of Meetings of Engineering Society of Western Massachusetts, National Safety Congress. 
International Railway Association, and American Foundrymen’s Association 


Engineering Society of Western 

Massachusetts 
Western Massachusetts met at 
Pittsfield on October 14, the afternoon being spent in inspecting 
After the 
trip through the works a dinner was held, at which there were 
present one hundred and twenty-three members. 
speakers were C. C. 
field Works; G. Pittstield 
Works; Charles H. Wright, Republican Candidate for District 
Attorney; Calvin W. 


Mechanical Engineers; 


The Engineering Society ot 
the Pittsfield Works of the General Electric Company. 


The principal 
Chesney, general manager of the Pitts 


Faeccioli, chief engineer of the 
Rice, Secretary of American Society o! 


and S. W. Ashe. Mr. 


very interestingly regarding the problems connected with high 


Faceioli spoke 


Mr. Ashe in his remarks dealt with Ameri 
canization problems at the Pittsfield Works. 


voltage installations. 


National Safety Congress 


The Eighth Annual Safety Congress, held in Cleveland, Octo 
ber 1 to 4, by the National Safety Council, was divided into see- 
tions representing the automotive, cement, chemical, structural, 
metal, mining, woodworking, rubber, packing, paper and pulp, and 
textile industries, and special sections relating to steam and electric 
railroads, women in industry, employees’ representation, Ameri- 
eanization, health service, publie safety, public utilities, and marine 
and navigation. The papers read at the sessions of the metals 
sections included: Accident Prevention in a Malleable Iron Foun- 
dry, by H. L. Church, Rockford, Ill.; Personal Element in a Safety 
Program for the Foundry, by H. F. Grantland, Marion, Ind.; New 
Ways to Put Safety Across in a Steel Plant, by H. P. Hoyne, 
Canton, O.; Humanizing a Steel Plant, by Philip Stremmel, Granite 
City, Ill.; and Practical Demonstration of Welding and Cutting, 
by J. Schleicher, Baltimore, Md. A complete collection of com- 
mercial and non-commercial safeguard appliances and devices 
was exhibited in connection with the congress. There were seventy 
booths, in which were shown types of safety equipment for every 
industry. 


International Railway Association 


The International Railway Congress Association, the founda- 
tions for which were laid at the congress convoked at Brussels in 
1885 by the Belgian Government for the purpose of celebrating 
the fiftieth anniversary of its railways, has just been reconstituted 
under the title of International Railway Association. The Asso- 
ciation published, up to 1914, a monthly bulletin containing, be- 
sides original articles upon all questions relating particularly to 
the technique, working and organization of railways, reprodue- 
tions of the most interesting articles appearing in the railway 
reviews of the world, and detailed reviews of works dealing with 
railway affairs. At the closing sitting of the eighth session, held 
in Berne in 1910, it was decided that the ninth session should take 
place in Berlin in 1915, and the preparations for this session were 
far advanced in 1914 when Germany declared war and began the 
invasion of Belgium. Naturally the invasion of the country, and the 
measures taken by the occupying powers, resulted in the paralysis 
of activity on the part of the Association for nearly five years, but 
after the return of the Belgium Government, the Association was 
placed under sequestration, in pursuance of the Belgian law of 
November 10, 1918, owing to the fact that a portion of its assets 


belonged to the subjects of enemy nations. The sequestrator 


having ordered the dissolution and liquidation of the society, the 
railway administrations, members of the Association, belonging 
to thirty-five countries in and outside Europe, decided to transfer 
their property to an association established upon exactly the same 
bases as before, and entitled the International Railway Association 


American Society of Safety Engineers 


At a special meeting held in the Engineering Societies Building, 
New York, on September 26, the American Society of Safety 
Engineers adopted a new constitution defining more specifically 
its seope in the technical engineering field and reorganizing its 
activities so as to include the adoption and application of safety 
engineering standards, the maintenance of a library devoted to the 
particular requirements of safety engineering, and helpful co 
and organizations. The 
cooperation of the Society with the Bureau of Standards and The 
American Society of Mechanical Engineers was discussed, as well 


operation with official other safety 


as the formulation of national safety codes on elevators, head and 
eve protection, and lumber and woodworking machinery. 


Association of Lron and Steel Electrical 
Engineers 


The thirteenth annual convention of the Iron and Steel Electrical 
Engineers was held in St. Louis, Mo., September 23 to 26. D. M. 
Petty, retiring president, outlined the progress made by the Asso 
ciation in the establishing of new sections at various cities and 
emphasized particularly the advantage of holding section meetings, 
which, he said, further the interest of the steel and iron industry 
by bringing together the men who are striving with the problems 
of increasing production, lowering costs and improving the quality 
of the plant product. 

Of special importance were the reports of the safety and edu 
cational committees. Walter Greenwood, of the Carnegie Steel 
Company, Youngstown, Ohio, submitted the report of the safety 
committee, which comprised safety rules for the government of 
employees working on electrical equipment. In the report of the 
educational committee, presented by A. B. Holeomb, of the Stand 
ard Tin Plate Company, Canonsburg, Pa., the necessity of train 
ing electrical employees of foreign birth was strongly emphasized 
Discussion of the reports of these committees brought out the sug 
gestion that safety should be considered before tonnage in all 
cases, and that it is more practicable to teach men what to do thar 
what not to do. 

The report of the electric-furnace committee of the Associatior 
outlined the present status of electrical furnaces in the stee! in 
dustry. The discussion brought out the insufficiency of the availab|: 
technical literature on electric-furnace reactions. Concernin 
furnace-lining thicknesses, the opinion was expressed that too thir 
a lining wasted heat, while an abnormally thick lining limited t! 
sapacity of the furnace. The careful training of the operator w: 
considered to be of paramount necessity for securing the succes 
ful operation of any electric furnace. On the question of t 
shape, it was stated that the furnace body should be of such sha 
as to give equal heat at every point. 

Calvert Townley, President of the American Institute of Ele 
trical Engineers, presented an interesting historical sketch of t 
growth and development of electrical power as applied to | 
iron and steel industry. He pointed out that codperation betw 
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the various electrical societies was necessary in deriving the great 
est benefits. 
Much attention was attracted by an exhibition in whieh thirt 


four manutacturers displayed electrical equipment. 


American Foundrymen’s Association 


Remarkable advances in the design, development, and manutfias 


ture of metal-working and foundry equipment and in thi ylution 
ol problet involved in casting practice and plant operation, 
were evidenced in the teehnmieal sessions and exlibition of the 
twenty-fourth annual convention of the Americar oundrymet 

Association, which was held in Philadelphia from September 29 
to October 3 concurrently with the annual meeting of the Institut 


of Metals Division of the American Institute of 
engineers. A 


he ntiter a ince of 


Norw uy, 


lurgica significant feature of the convention was 


than a seore ol Vi Lor ron | I rland, 


Australia 


Powdered 


and 
A\ppheation of 


Anne ing Furnace presented by Charles Longenecker ‘ Lhe 
Bont ( Pittsburgh, contained a deseription of the plant of 
the Pressed Steel Car Co., formerly the Pennsylvania Malleable 
or ere powdered coal is being successfully emploved = for 
oper i! nne il burnaces The f ire a ted wed that 
the « t of operating one turnace ranges trom 35400 a month wit 
fuel « o $2625 a mont th powdered coal ‘hat steel Dei! 
melted w 10 to GOO Th. o powdered coal er ton of « rve and 
hat LD mia eable Pounarie using nowdered ( I nneainy’ 
ive a ftuel rat of trom 500 to 700 lbh. of coal per ton of « thy 
Vil edb \ ] (irindle t the (¢ mibu ’ } ' ( ? 
hoy ( ‘ ) Who a cu ed thy (j estion ¢« « vdered ( I 
eS | nar 
Stateme of eost overing the oper ion duriz , ’ 
i 2O-tor eid open-hear furnace ! ( n basic electri 
rnace were compared and discussed by Kk. H. Ballard, of the 
Genet ectrie | We Lynn, Mass. Mr. Ballard’s figures 
owed 1! t the cost of making electrie steel l eoml arable wit 
it of e open-hear product. A. W. Merrick of the General 


Schenectady, N. 2 In the Ret ning of ( 


hle Tror i hie | ect rive ] urniuce, pre sented the results of exper 


ents on the duplex process of melting malleable east iron, using a 
ipola and eleetme furnace Special attention was paid to the 
ect of the electme furnace in reducing sulphur and to the influ 
nee of manganese. In one experiment the material eontained 
per cent s ilpl ur betore charging in the electme furnace; 15 
inutes later a sample showed that the sulp! 


Mr 


atement that by 


Merrick offered several conclusions, amor 


le was the st the process Oo melting 


duplex 


illeable east Iron, using a cupola and electric 


lurnace, if Is 


ble to make iron of carbon and silicon desired by 


any 


ounts of steel and ferrosilicon to the bath 


oper an 


‘ lay + 
Mndus 


ssion was held to diseuss the 


ol The aut 


problem 0 ria 


ors of tour papers advocated 


svstematie tram 


uundry apprentices, journeymen, and foremen alone lines 


amiliarize them with the economic conditions that play 


mportant part in determining the administrative policies of the 


The slogan “multiply vourself through your foreman,” 


rodueced by one of the speakers, impressed 


manutacturers as 


remedy conditions. 


pertinent suggestion to present 


The exhibits of molding machines, sand-blasting equipment, and 


and wood-working machinery furnished ample proof that 


rineers have taken full advantage of the cessation of hostilities 


engage in experimental work and to further the development 


labor-saving machines. Among the noteworthy machines dis 


ed by the manufacturers of molding equipment was a device 
r produeing tractor transmission housings entirely in green sand, 
er new equipment included a combination split-pattern machine 
play, a jarring stripping-plate machine, an agricultural traetor, 
l6-in. jolt roll-over machine fitted with a pattern and operated 
‘ molding machine, and a combination jolt split-pattern molding 


ichine equipped with an automatic slow-starting pattern-draft 
nder operated by oil and controlled by a knee valve. 


ENGINEERING 909 
American Institute of Mining and 
Metallurgical Engineers 
The one hundred and twentieth meeting o e Amer ! ite 

of Mining and Metallurmieal Engineer “ eld t ( r 
Sentember 22 to 26. inclusive i veeedis sasleintand eal 
valuable p er were repared ) e twee ‘ ‘ , ’ 
which the subj discussed were Tron ar ( S r ( 
Pyrometry; Non-Fert Met rrapt Non-Fer Mi 
lurev: Coal and G Mine 1 t -M ! nd Lo he r 
CGreolog Millis ();] nd Ir rial On | e of 
nterest to call atte n to some thie ers presented, ¢ ally 
t e iron and ste¢ ( ! 

A re rte e Wo! being done ( I ed S ( Bureau 
Standards for the purpose of determining the ‘ ! feel and 
the deoxidation of steel, was submitted by J. R. Cain, Chi the 
Section of ( emicéal Metallurg The ; ! a peen to examine 
eritically some of the simpler methods in order to remec al 
defects, to make them more rap ne r? ‘ ‘ a f the 
metallurg. il significance of t re 3 ned by ‘ he 
final object of the work, whi ta ether cor ‘ 
devise a few simple methods wlu t dw hye 
the steel manufacturer in contr ng cle , ! ‘ 

Erosion Tests of Rifle Barre were described by M r A. | 
Bellis, Ordnance Department Three barrel bla er r 
! the same bar ot! oe ne tre ed different 1 ihe ! yar? 
‘ ‘ treated by quene r ro SOO cle . rie ? 1 
t hour 1200 de fahr.; the seeond barrel w rolle 50 
cit t nd the third harrel wv ! ed OO che 

ree warrels were ibmitted to a 13.000-round firn 
re rements for accuracy and erosior Phe rac ' meas 
ured by firing ter rounds on en wo tarcet SO) wit! 
muzzie rest: the tests were made atter ene 2OOO na fron 


L000 to 10,000 and then every 1000 to 13,000 ‘ rine +} 
rate of 10 to 20 rounds per minute per rifle, cooling the rifle ‘ 
water tter eas 100 rounds The relative erosion wa aan te 
the increase of diameter of the lands at the muzzle, which was 
0.0018 in.. 0.0020 in. and 0.0029 in. for the three barrels. resne: 
tively. After the tests the three barrels were sawn lengthwise and 
the appearances of the sections examined. It was coneluded that 
the homogeneous structure of a heat-treated bart offer the hens 
resistance to erosion 

Che results of an experimental study of the Effect of Time and 
Low Temperature on Phvsieal Properties of Medium-C; rbon Steel 


. and H L, Cutler, 


rstown Sheet & ‘| iby Co Ir t} 


Reinhardt, metallurgist 


assistant metallur ist, The Youn 


first semes of tests, four cores were drilled from ea x un 
treated blooms. Two cores Irom ene bloom after bei ! chined 
were rested for two days at room temperature, and then the ere 
tested; the two duplicate cores after being machined were 1 i for 
wi davs on top oft a Hosk ns urpin-tvpe electme Turnac where 
the t mperature was kept t about 120 de yr, cent \ second series 
of tests was also made in identically the same nner exe that 
the test pieces were en a rest of four davs before beir ed 
| ese TWo seri ot te ~ owed t if a1} t inere eint rine iture 
resulted in a great inerease of the possible elongation and redueti 

of area of the specimen, and also with the inereased ler n of res 


he temperature of the top of the furnace. Thei 


strer eth was greater in the cease olf the 


ease of the four davs’ rest. 
Other interesting papers presented at the iron and steel sion 
were: Blast Furnace Refractories, by Raymond M. Hows Iffer 


vescing Steel, by Henry D. Hibbard; Aireraft Steels, by Albert 
Steel Rails, by Robert W. Hunt; ¢ 
Properties of Technical Quenching Liquids, by N. B. Pilling and 
T. D. Lyneh; Differential Crystallization in Cast-Steel Runner. by 
Wal! 
Oxvgen in Cast Iron and Its 
White Cast 


Gurey ich 


Sauveur; Manufacture of ooling 


and 
H. J. French: 
Applications, by Wilford L. Stork; Graphitization of 
by Paul D. Merieca and L. J. 
Experimental Data Obtained on Charpy Impact Machine, by F. C 
Langenberg. . 


Francis B. Foley; Manufacture Properties of Light 


Structural Tubing, by 


Iron upon Annealing, 








ENGINEERING COUNCIL 


Engineering Council‘ is an Organization of National Technical Societies of America, Created to Consider Matters of Common Concern to Engineers, 
as Well as Those of Public Welfare in Which the Profession is Interested 


Engineering Council Joins Chamber 
ot Commerce 

ORD | the 

the 

In joining this great 


heen received by Engineering Council that 


as 


W 


Chamber of Commerce of the United States. 


organization has been elected to membership in 


association of trade and commercial organizations, Engineering 
Couneil adds its strength to organized business and gives its mem- 
hers an opportunity to register their views with the central bod) 
he consideration of national questions that affect business 
ot 
professional engineers,— the Ameriean Society of Civil Engineers, 
the Institute of Mining and Metallurgical 
The American Society of Mechanical Engineers, the American 
of Electrical and the American 
for Testing Materials. These societies have an aggregate mem 
bership of 41,000. 

Engineering Council has appointed as National Councilor to rep 
resent it in the National Chamber, Mr. Harold W. Buck, of Viele, 
Blackwell & 
past-president of the American Institute of Electrical Engineers, 
and as alternate Mr. Irving E. Moultrop, ot the Edison Eleetrie 
Illuminating Company, Boston, Mass., member of The American 
Society of Mechanical Institute ot 
Electrical Engineers. 


in { 


Kngineering Council represents five great national societies 


American Engineers, 


Institute Engineers Society 


Buck, Consulting Engineers, New York City, and 


Engineers and American 
The Chamber of Commerce of the United States was formed in 
1912 as a means of bringing together all of the industrial and busi- 


ness elements of the country. Hlow well it has sueceeded is shown 
in a recent statement that the membership of the Chamber now 
1100 organizations te of the 


Union, in the outlying possessions and of all the principal Ameri 


sta 


consists of more than in every 
ean chambers of commerce abroad. 

One of the chief aims of the National Chamber is to obtain the 
best thought that 


This is done through a system of referenda on which the more 


on national questions concern business. 
than half a million individual members of the organizations eom 
prising the Chamber are entitled to vote through their associa 
tions. The opinion of business, thus obtained, is transmitted to 
Congress and to publie officials and is given to the public. 

The National Chamber will be able to render assistance to En 
gineering Council in many ways. It will receive weekly a general 
bulletin containing the latest and most authentic news of what is 
transpiring at Washington. There is also a special legislative bu 
letin issued weekly while Congress is following the 


in 


session 
progress of all legislation concerning business. Special bulletins 
Members of the National 
Chamber also have the privilege of using all the facilities of the 
Washington 


applies to every division of business, since the Chamber's 


are issued also as oceasion arises. 


Chamber's offices when information is desired 


This 


organization is made up so that each general division of busines 


In 


has in Washington a special bureau to eare for its particular 
needs. 


Engineering Council Holds Important 
Meeting 


On October 16, in the rooms of The American Society of Civil 
Engineers in the Engineering Societies Building, New York, En 
gineering Council held an all-day session, at which many matters 
Chief among these 
were reports of the Committee on Classification and Compensation 


of interest and importance were considered. 


* Officers of Engineering Council: J. 
D. Flinn, Secretary; 
New York 


‘rin ' Parke Channing, Chairman, Alfred 
Engineering Societies Building, 29 West 39th Street, 


of Engineers, the National Service Committee and the Committee 
on Curricula of Engineering Schools. Space will not) permit, 
however, of an extended discussion of these and other reports, 


and for the present the brief abstract of the minutes of the mee‘ 
ing presented below must suflice. 

The of the 
Schools, however, deserves special mention, 
Ilumphreys, President of 
the ; 
recommend a six year course for colleges of engineering, it never 


Curricula of Engineering 
Dr. Alexander ¢ 


I Technology, 1S 


report Committee on 


Stevens Institute 


chairman, and while committee is not prepared as yet to 


theless called attention in its report to the fact that both Colum 
are 


to 


bia University and the Massachusetts Institute of Technology 


now conducting six-year courses in engineering in addition 


The problem is also being studied 
The 


however, does endorse the proposition to extend and enlarge the 


their regular four-year course. 


and experimented with by other universities. committee, 


throughout the United States, 


The 


tramming. 


for voeational training 
‘at 


also goes on record as favoring universal military 


facilities 


and particularly in the gre industrial centers. committee 


Limpl ment Bure {SOO men registered 
than 1000 placed and total expenditure 810,600, 


ll daily 


au reported 17,000 interviews 


in past 10 months; 


Thore 


6O to TO men ca 


Vational Service Committee active in connection with National budget 
legislation, Congressional Commission on Reclassification of Salaries, 
inileage for former engineer officers, Interstate Commerce Commission 


and International Joint Commission vacancies, Industrial Conference 
census Classification of engineers, U. S. Topographical Mapping and 
Department of Public Works. Washington office used increasingly by 


engineers and Government 

Chamber of Commerce has admitted Council to membership. TH. W 
Buck appointed National Councilor and Delegate, and I. E. Moultrop 
alternate. 

National Departme tof Public Works: petition to Cl imber of Com 
merece was voted by Engineering Council asking referendum on bill fo 
Department of Public Works 

License Committee, at five-day session in Chicago, October 13 to 17 
revised draft of typical law for registration of engineers 


(‘lass 


( of 
and digesting data on Fed 


Engineers: progress in collectis 
ral, Railroad, State and Municipal er 


ication and CC mmpensation 


Final report on Federal service this month. Inereases granted railroad 
engineers below S200 
Fuel Conservation Committee recommended support of legislation fo 


investigating super-power generation and distribution in Boston-Wash 


30 voted 
Repo 
Founder 


ington district 


Joint Conferences rt Devel 


Soci 


pment ¢ fives was d ussed 


omm 


and letters sent to ties endorsing general plan for at 


tional engineering coune 


Financial Statement: total resourees, S50.398: expended, 9 mont! 
£52,651, including $10,601 for Employment Bureau and $17,038 f 
Washington ofthc 

Tentative Budact 1920: SG0,.000 needed for all purposes Appropr 
tions of Founder Societies must be supplemented by contribu sf 
individuals 

Ippeal for Funds to be made at once to engineers tl 1 t 

ntry 

Water Conserrat (Committee reported twenty-seven correspond: 

ppointed in as many States, and much useful information collected 

Curricula of Enaginecring Schools: Committee reported on six 
COMrse 

Reconstruction Commission, New York : Advisor Committee’ 
ommendations sent to governors of all States and many civie bod 


New York 
Pat 
National 


Sress 


nts Committees based report 


three bills, of 
Research Council and Engineering Council, now 


on committees 


before ¢ 
Jurisdiction Awards in Building Industry: 


August 11. 


Board held first me 
in Washington R 
Miller. 
Types of Government Contracts: important committee appointed 
Payment for Estimating: three delegates appointed to meet Ass 
ated General and American Institute of Architects, 
Chicago. 


Report by Council's representative, 


Contractors 


National Budget: four delegates sent on invitation of committe+ 
House of Representatives discussed budget legislation. 
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ongress 1s ¢ with problems relating 
to the Peace ‘Treat and the industrial unrest throughout 
the country, there ave, nevertheless, been presented to it 
numerous bills and measure dealing particular wit Cl 
neering ubject These bills deal wi iT ! el ‘ 
minera reiel, diet nd settlement. tariff, w er } Yr ¢ 
Most of them are 1 being considered by thi t on 
of Congr nd brie ibstracts o ‘ re here 
S eS Ree Wi 
An appropt l 47250 000.000 for the purpose 
on nd cor ell irl ition yor ects, wii ‘ ) 
e ed tor and tor the inve ition and ¢ I ! 
proj ! he deemed tf ble and desirable t der 
, ed in recent b According to the Dir ( | 
NY ‘ e« , ol Nyy Pay tw ‘ =11? 134.000 
pro yes that e beer d a lool ooo 
tM 4 le ot irr ! me et u ‘ rl rte ! 
will be 2.948.161 aere 
Another in rtant b r i ort ! 
pecial entiol e Llous It proposes to allow water 
for reelar on proje to be used for miscellaneous purpose 
Under the existing law, much inconvenience and trouble has bee 
‘ ised, owing to the fact t t water for reclamation proje 
‘ d not be used for domestie purposes, for railway engi , 
the miscellaneous needs of communities. This bill is exp 
shortly receive consideration in the House. 
\ MINERALS Rt 
Le ! roposing to liberalize the War Minerals Relief A 
now betore the Committee on Mines and Mining of the [louse 
Committee is considering House Joint Resolution No. 170 
ch brings out the fact that war minerals claims in exes of 
000,000 had been filed but that a considerable portion | 
re being demied be use of the Attornev-General’s interpre 
not the Act. The resolution states that it was the intention « 
rr in passing the War Minerals Relief Act “that all pn 
ers ot the minerals mentioned should be repaid sueh su 
are in equity and good faith entitled The Attorney-Ge 
sop I that the request or demand must ive een made 
he ¢laimayr direct The re solution provides that a Clana 
oi re nse to any personal, written or published request or 
nad tro inv ot the Government agence) mentioned : 
! wood f expended money in prod ng or prepari 
we anv ot the ores or minerals named therein and have 
) re filed their ¢ ! within the time and in the mannet 
ribed in said Aet re to be reimbursed for the ne 
rred \nother important teature of e resoluti ! 
event t the appropr mais not sullicient to hqouidate 
wed t pro! share of the approp. ! o bt 
rded to the elaimar Fifty per cent of the amour t ar 
ed « " to be paid immediatel 
Si ER S wT B 
e Monde Soldier Settlement Bill, wiiel Ss now betore tlhe 
e,1Ss again coming actively to the front and determined effort 
being made to have it passed. Great differences of opinion have 
oped and the entire diseussion on the soldier settlement plan 
now to be around the Mondell bill. Those who favor the 
point out the fact that it is the continuation of the historie 
iy of opening the way for the veterans of war to settle on 
‘Washington Office in charge of M. O. Leighton, Chairman, National 
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SERVICE 


Contributed by the 


COMMITTER 


Washington O thice 


Engineering Legislation in Congress 


luefly engaged 





ce Committee, McLachlen Building, 10th and G Streets. 
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In the absence of public lands suitable for farming the 


It i 


the land. 


acquisition of land in private ownership is necessary. argued 


that the bill comprises good business policy beca tract 


use S poor 
land will be cleared, graded and irrigated. This is to be done b 
the soldiers, thus affording an opportunity to accumulate the 
mount ot money required for the first payme nt on su property 
is may be alloted to them. Limited sums of money to be yaned 
lor construction of permanent improvements to give a Tair margi 
oO ecul nd at e rate of 4 per cent interest 1 eld to be 
ré onable income to the Governmer (i nization yidier 
ettlers 1s nec ir » proper G ernme! el ! nd to the 
ecuring ¢ maxi 1 econo nd etherenc some I I 
kind 0 ( LO! mare ree | ( re' 
chemes whi e been este r pel e vetel 
the world war or to ‘ ‘ er opportu ‘ 
\\ n the Il ‘ ead ( ( I ) i ed ome 
( ‘ I ) I ( el ( (om 
d dead-burned and grain } ! é d ree e! ta 
per pound and 10 per cent ac re Lhe ‘ res¢ 
considerable reduction trot ‘ riff proposed by the Hou 
\\ ind Means Cor ee ot three-quarters ot a cent ore, on 
( ‘ ill cent ol ene ned a d-burned nd rail y rmesit 
nd a duty of 25 per cent ad rem on! nesite bri Lhe 
al es Imposed are ¢ med to be | enou I I pit 1 ori 
! nesite, and e increased rate would add only three and 
ree-quarters cents per ton to the price ot fir ed ster 
he question of a strong protec ( il Ol rapnite 18s now 
wetore e llouse The omginal writing o bill provide 
ity « Wo Cel per pound on yvorted amphorous graphite 
‘ f ree Cel per pound on ervstalline np and ¢ ped 
ray ‘ ind a duty « x cel irae é er re 
r ‘ e fir 1! on atfect raphite produced in Mexi 
1 Kore the second provision affects the importation of the 
etter rade of Ce ! raphite while the ist Proviso! tle 
Mada I nad ¢ rhike in flake The bi - *< cted w ric 
exclude ‘ ! n ot Canadian gra ‘ nd Mada 
en ike 
Phe ce i ! I ( I Lhi¢ I 1} ar re e Se! e e¢om 
‘ t t { ‘) ) pcrse 1¢*¢ ‘ T iT ‘ 
! conducted b e House nd they « ! re rd the 
er ene! re on o tarill \ hn en l I su 
‘ world condi ! ire in a more s rte M re oO 
‘ nior | < enim ent ¢ ene! I au t 
ad protes \merican interes ! it 1s 1 bole rma 
The United State Tanti Com: on in re rting to e Cor 
an ! \W: ind Mi ? nted out ‘ ( ( 1 in 
I ) I ) Sele! ‘ ti rume! tout el nd p ‘ 
a ol el And ‘ n eX Oo 
‘ ? ) ‘ { eri I I ( itor iT CT A\ 
‘ T eT T i“ 
Mia I 
hrecer iat D d h orizing the Seeretarvy « 
War to se » Si oO ersif ad « eve urplu ‘ 
ools which could be used for educational purposes. The edue: 
tional institutions were to be charged 10 per cent of the origi: 
cost ot these tools 
The Senate Committee on Military Affairs s now reported 


bill of War to transfer 
manently to the Federal Board for Vocational Education, about 


another authorizing the Secretary per 


$250,000 worth of this equipment. Surplus machine tools are to 
be loaned to the board, which, in turn, distribute them to schools 


and colleges throughout the country. This bill proposes to place 
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the title to these machines in the hands of the Vocational Board, 
which is to report to Congress annually as to the disposition and 
use of the tools. 


WatTER PowER BILLS 


Engineering Couneil through its Water Conservation Com- 
mittee is making determined efforts to assist in passing a bill 
(H.R. 3184) which will give the country good water-power legis- 
lation. The interest shown by requests for exact information on 
this bill indicates that the active interest and support required will 
be given by engineers. It is hoped that opposition to the bill, led 
by Wisconsin senators, will be broken through the influence of 
Wisconsin engineers. 

The bill as reported to the’ Senate contains several important 
changes in the text of the bill passed by the House but these are not 
fundamental changes, and it is contemplated that the House will 
eoneur. The Senate Committee has explained and clarified the 
definitions of “reservations,” 


and “costs.” 
A proportionate license fee not exceeding twenty-five cents per 
horsepower is proposed, which is to defray costs of the administra- 


tion of the act. 


“navigable waters” 


Fair rentals are to be charged for Government 
dams and other Government property on water-power sites. The 
House bill gave the Commission unlimited power to fix annual 
charges, whereas the Senate amendment limits this blanket power 
as indicated above. A change was made to provide that in case 
the United States does not exercise the right 
works, the license tendered shall be and 
“which is accepted” by the original or the new licensee. That 
provision was thought necessary to make it certain that capital 
would invest under the law. 


to take over the 


“on reasonable terms” 


A provision for severance damages 
was stricken out by the sub-committee and was restored by the 
full committee, so that it now appears in the bill. 

Delay faces the action on this bill because past efforts to have 
immediate consideration indicate that it must await the disposal 
of the Peace Treaty before it comes up for consideration on the 
Senate floor. In reporting the bill to the Senate calendar, Senator 
Jones of Washington, chairman of the Committee on Commerce, 
pointed out its advantages as: ‘ta saving of coal and a lower price 
for that used; a saving of oil, and a lower price for that consumed ; 
more efficient the 
development of new industries; the building up of new communi 
ties; the creation of new property values, subject to taxation for 


transportation, and lower cost of service; 


the support and maintenance of local and state governments; and 
added employment for labor and increased markets for agricultural 
products,” and urged that “we should pass legislation which will 
lead private capital and enterprise to develop these resources under 
such regulations as will give consumers good service and cheap 
power or the Government itself should proceed to make this devel 
opment.” This bill proceeds on the theory of private development 
with ultimate publie ownership possible. While some of the funde- 
mental provisions of this measure do not meet the approval of the 
members of the committee, we deem it wise to accept them in 
view of the legislative situation, rather than incur the result of 
no legislation on this important subject. 


3UDGET LEGISLATION 


Through the National Service Committee of Engineering Council 
arrangements were made for the Public Affairs Committee and 
other representatives of Engineering Council to appear before tlie 
Select Committee on the Budget on October 1. Mr. Charles 
Whiting Baker, chairman of Council’s Publie Affairs Committee, 
gave reasons for the general desire among engineers for the adop- 
tion of a budget system, and pointed out the importance of such 
a system in Government work of an engineering nature. Mr. N. 
P. Lewis, Chief Engineer, Board of Estimate and Apportionment, 
New York City, explained the budget system as used in New York. 
showing that under existing conditions it would practically be 
impossible for New York to get along under any other system. 
Director and Chief Engineer of United States Reclamation Service, 


THe JOURNAI 
Am. Soc. M.E 


ENGINEERING 
Mr. A. P. Davis, pointed out the necessity of the proper segrega- 
tion of Government bureaus before an effective budget system 
can be adopted, and as a correct example of segregation, cited the 
plan proposed in the Jones-Reavis bill, whereby all related bureaus 
having engineering activities would be placed in the same depart 
ment. Such a plan would simplify and make possible the efficient 
use of the budget system and of lump sums appropriation where 
responsible department heads could be obtained. Mr. W. R. War 
ner of the Warner-Swasey Company, Cleveland, pointed out the 
great advantages that had accrued to private engineering oper 
ations through the use of the budget system. It was pointed out 

during the hearing that engineering work was particularly hamp 

ered by the present system of appropriation. The lump sum or 

“continuing contract” method was held to be necessary in many 

eases. Illustrations of the suecess of the plan are the Panama 

Canal, levee work being done on the Mississippi River and the 

large reclamation projects. 

There are obviously three phases of budget legislation: (1 
formation of budget, (2) action on budget by Congress, and (3) 
supervision and control of the execution of budget. A bill 
has been introduced and reported to the House calendar which 


new 


aims to cover the first and third phases, while the second phase 


is to be cared for by House legislation which much 


proposes a 
larger appropriation committee to care for the budget in Congress. 
The main bill provides executive responsibility for the budget with 
The President, assisted 
by the Bureau of the Budget, is to prepare the estimates, which are 


Congressional authority to raise or lower it. 


submitted to him by the several executive departments, and no other 
officer is to submit estimates to Congress unless by special request. 
Provisions are made for an alternate budget in which estimates are 
to be made in the same form as they appear in current appropri 
ation laws. The bill provides an independent establishment known 
as Accounting Department, because it is deemed necessary that 
Congress should have a check on expenditures under the direction 
of comptroller general and assistants, which would not be effective 
In reporting 
this bill, the chairman of the Select Committee on the Budget has 
explained that the bill is not intended to be the last word in budget 
ary legislation but is intended to correct weaknesses and to be 


if the comptroller was appointed by the President. 


a step in the right direction which will very probably have to be 
extended and further improved . 


Engineers in the 1920 United States Census 


As a result of Engineering Council's request to the Director ot 
the Census, the National Service Committee has been successful ir 
effecting a reclassification of engineers so that all technical engi 
neers will be listed as such, separately and distinctly from the non 
technical engineers. Thus, the next census wi!l bring on enumer 
ation of all technical engineers together as one unit under the mair 
headings of Civil, Mechanical, Electrical, and Mining. 
will also be enumerated separately. 


Architects 


This will enable the engineering profession, the Government or 
any other interested organization or person to know exactly how 
many technical men there are in the United States and in eac 
State. 
non-technical engineers (stationary engineers, locomotive drive! 
and other engine-men) ; but there will be no group heading for t! 
latter, and in order to get the totals of non-technical engineer 
(enginemen) all of the various grades of this classification wou! 
have to be sorted out and added. 

There are of course many practitioners of engineering who d 
nor ordinarily classify themselves under any one of the four hea 


Under separate headings the enumeration will also inelud 


ings given above and others there are whose practice extends i 
more than one field. More numerous headings or more comp 
classification is impracticable in the work of the Census Bure 
It is believed that every professional engineer can, with v 
little violence to the facts, place himself in one of the broad clas 
adopted for the 1920 census: Civil, Mechanical, Electrical, Mini: 
With the general codperation of all engineers along these lines a 
much better enumeration should result than in any preceding 
census. 
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NECROLOGY 


CHARLES EDWARD LORD 


Charles Edward Lord, general patent attorn nd manager of th 
patent department of the International Ilarvester Compa Chicago 
died suddenly on September 25, as the result of injuries 1 ived in ar 
accident at the Deering Works the evening befor: 

Mr. Lord was born in Someryille. Mass . on October 31, 1875. a nded 
the public and high schools at Somervills nd Sf ted 1 the 
Massachusetts Institute of Technology with the d f B.S. in 1898 
For a year he was emploved in the inspection d t} Am 
ian Telephone and Telegraph (Compan vith he rte t P 
delphia. He then returned to the Massachusetts Inst te of Te 
as instructor for a short time, and later b n 
Ir IS ‘ |’ nt Office, Washington. Td ¢ 

| 
(CHARLES Kk. Lorp 
In 1640 ) (ier | ( $ 
! ! I ! dep me vl | on het I ! 
IM to ta ‘ rge of the patent departments of the Bullock J ! 
I f ring Company and the Allis-Chalmers Company. spending fo 
Cineinnati and four years at Milwaukee in this work Dur 
t! 1 he was president of the Bullock Electrie Cor in) 
ti | | v at the Georgetown Universit, Law School, Washing 
I. ¢ was admitted to the bar in Ohio, Wisconsin and 1] inois and 
ee in the federal courts and in the Supreme Court of the U) ited 
r. Lord was associate editor of the Enev« lopedia of Engineering and 
several textbooks for this publication when it was getting under 
Ile was a lecturer on patent law at Ma quette University, and 
. the days of the War was a member of the War Committee of the 
nical Societies of Chicago. For two vears and until recently he 
' 














lirman of the 
Vehiel Associat 


ng 118 


committee on patents of the National Implement 


ion 
he served the 
a member of the 


work of which he took a keen and active 


is chairman of 
time of his death was 
ition. in the 


Chicago Section of our 
iv ane rt thre (‘ommittee on 


nd Or niz 
Ie was 


iso interest din the pioneer movement tnaugurated by 


\\ ern Society of Engineers, in Chicago, for a strong and all-em 
local engineering society in that city 
bility as an inventor, thonch not widely known, is evidenced 


cord of nearly forty United States patents 

Lord was a fellow of the Am rican Institute of Electrical Engi 

i member of the Society of Automotive Engineers, the 
of Chicago, the American Patent Law 
of Washington, D. C 


ms 


Engineers’ 
Association, the University 
.. and several other technical and social organi 


(F.F.F.] 


He became a member of our Society in 1909. 


the Overland Motor ¢ ‘ompany 


The following resol 


of the Chicago Section 


WHEREAS Chur iow-member and former " in of the 
Chicago Section L.S.M.E., Mr. Charles ] Lord | erved 
devoted] ho ha icrificed h in the j he 
mechanical ef f tl intr he & S ™ 

nfortunat ! ken f in nd 
wtive care ! i 

Resolved. PB he Ey it Commi ( S n 
that record our d I he | fr d | 
engineer That ‘ oO S 4 h 
qualiti S s il r I nad h 
which he ha 1 f 


Lie nal ( va me } ( f ¢ of 
Pint nd of several clubs ar 1 ‘e 
I SNe I r of the Soc n 1916 

FRANK J. LOGAN 

I 2. ! until Ss retir nt 1914 - let 

i I I Logan | n We Brook | oOo} Apr Ww 
1919. Mr. Logar born on & r 25, 1855, in Brooklyn, N. ¥ 
I] s edu din ft pu hools of tl 1 later ttended 


IST, Mr. I ! 1 tl 1 his 
ment, M 1, 1914 
M La ! l nu f ! in 
I] t Ss 1894 
LOUIS MOR 

Louis Mohr, president and consultine « g er of John M & Sons 
( zo, died August 24, 1919. Mr. Mohr was born < Septe r 
7. IS5S n ¢ nd was | ifed in tl of tha rior 
to his er ring ia < v4 | ' wl t he « lat | } 


ISSZ he asso ted himself with } 
father and brot s in tl J Mohr & Sons as cor ng 
engi t About tf n \ i i I d th l Ss or 8 iry 
of the firm and from 1917 to the tin his death d the o if 


Mr. Mohr w 1 mem! of the Ame n Society of Na Engineers 
the American Institute of Mini: Engineers, the So of W rn 
Engineers and a large number of other so ties and el] He | ime 
1 member of our So vy in 1886 

LLOYD CECIL REYNOLDS 

Llovd ¢ Reynolds was born in Atel Pa., on November 20. 18928 
He received his early education in the lo al schools and later entered 
Drexel Institute, taking the mechanic il-engineering course, from which 
he was graduated in 1913. Tle was asso lated from 1913 to 1916 with 


. Philadelphia, the Chamb rsburg Enginee1 
Pa., and the Remington Arms Comp ny, 
1916, to the time of his death 


ing Company, Chambersburg. 
Eddystone, Pa From July 


January (>, 


1919. Mr. Reynolds was employed as assistant engineer in the ste im 
engineering department of the Midvale Steel & Ordnance Co., Coates 


ville, Pa. 
Mr. Reynolds was a member of the Drexel Club of Engineers 
hecame a junior member of the Society in 1917. 


He 
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JAMES R. FLETCHER 
James R. Fletcher, factory manager of the P. & F. Corbin Co., 
manufacturers of hardware, New Britain, Conn., died at his home in 


Mr. Fletcher was born on February 
was educated and learned the 


3, 1919. 
J., where he 


that city on September 1: 
21, 1867, in Jersey City, N. 








FLETCHER 


JI.R 


hip with the New Haven 


Ile was formerly 


trade of machinist. Hle served his apprentices 
Clock Company in tool making and die sinking 
ciated with the American Cash Register Company, the National Cash 
the New Britain Hardware Company, 


& Towne Manu 


ASSO 


Register Company, Sargent & Co., 
of which he was in charge for seven years, and the Ya 
facturing Co., of which he was assistant superintendent. 

In 1906 Mr. Fletcher became associated with the P. & F. 
as manufacturing expert to the general superintendent. 
he was made factory manager, a position created to give him the wider 


Corbin Co 
assist Later 
range warranted by his exceptional ability 

He was a member of a number of fraternal organizations 


Ile became 


a member of the Society in 1906 
HUGH M. WILSON 
Hugh M. Wilson, who, until his resignation in January 1917 was 


for six years first vice-president of the McGraw Publishing Company 
died suddenly on September 19, at his home in Stockbridge, Mass. M1 
Wilson was born in June 1866, in Jacksonville, Ill. He was a graduat: 


of the Illinois College. His first journalistic work was as a reporter 
for the daily press of the Middle-West. He was subsequently connected 
in varying capacities, including secretary, business manager, editor 


Northwestern 
ew, After 


mre 


and president with the Mississippi Valley Lumberman, the 
Railroader, the Railway Age, and the Electric Raileay Rea 
a year with the Barney & Smith Car Co., Dayton, Ohio, a 
dent in charge of sales, Mr. Wilson joined the McGraw Publishing Con 
many 


Mr 


s Vv 


Wilson became an associate of the Society in 1918 


RICHARD HAMMOND 


Richard Hammond, former president of the Lake Erie Boiler Works 
ind the Lake Erie Engineering Works, died on October 9. 1919 Mr 
IIammond was born on January 27, 1849. in Thurles. Tipperary 


‘ounty, Ireland, and received his early education there in the parochial 
coming to this country at the of thirteen. He served his 
ipprenticeship in the boiler-making trade in Troy, N. YY. In 1872 hi 
and several years later bought out his partner's 


schools, age 
moved to Titusville, Pa., 
interests in an oil-well boiler and manufacturing business. 

In 1880 he went to Buffalo and the Lake Erie 
Works which soon obtained an unusual reputation for the manufacture 
of heavy marine boilers. In 1890 he organized the Lake Erie Engineer 
ing Works, the shops of which were equipped with the most modern tools 
especially designed and constructed according to Mr. Hammond's 
own specifications by the Niles Tool Works. He continued at the head 
of both concerns until 1917 when he retired from active business life. 

ifr. Hammond was a member of the Engineer’s Club of New York 
Tle became a member of the Society in 1890 and devoted a great deal 
of his time and practical boiler-manufacturing experience to the Boiler 
Code Committee of the Society of which he was a member. 


established oiler 


E 


Tue JOURNAI 


NGINEERING Am. Soc. M.E. 


CYRUS T. RAYNER 


Cyrus T. Rayner was born in New York City on January 2S, 1S79 
Ile was educated in Southern schools and was graduated from Tulane 
University in 1902 with the degree of M.E. Ile spent one year in 
vraduate work when he became connected with the Mississippi River 
(‘ommission as junior engineer in charge of local surveys Irom 1911 
to 1912 he was associated with C. T. Rayner & Sons, consulting en 
vineers. In 1912 he became first assistant engineer on the New Orleans 
Levee Board and four vears later was made chief engineer, which posi 
tion he was holding at the time of his death, January 19, 1919 

Mr. Rayner became a member of the Society in 1916 

> _F ae 
Oll. PIPE LINES 
(Continued from pave SS. 
Net hp. 17 thousands oft bbl. per day P1000 
B.hp. 20 thousands ot bbl. per day P LOOO 


Since the horsepower varies directly as PQ and P varies direct!) 
as Y°, it follows that hp. varies directly as Q 

Another relation of value in making rapid pipe-line calculations 
is the ratio between the diameter D and length LZ with the discharge 
( and the From the friction form 
ula [2], it will be seen that P varies directly as v°L /D. 
P constant, LZ varies directly as D/v For the same discharge, 
[3], that is with Q@ constant, v varies directly as 1/D 
Theretore v* would vary directly as 1/)*. Substituting this value 
above, it 1s seen that L varies directly as D/(1/D*), or 
This means that for the same 


pressure P remaining constant. 
Assuming 
is 
Formula 
for vr in 
other words, L varies directly as D®. 
discharge and pressure, i. e., the same friction, the length of the line 
would vary directly as the fifth power of the diameter. 
Taking 6 in. as unity the fifth powers of several different dian 


eters are as follows: 


D 6 s 10 12 
1) 1.0 1.2 12.8 32 
An example will show how easily these relations are utilized 
Let a proposed pipe line be made up as follows: 
2 6-in. lines, 8 miles long Y-bran 


6 miles long 


10 miles long 


6-in. line, 
8-in. line, 
12-in. 
With the particular oil to be 
when pumping 10,000 bbl. a day through a 6-in. line will be assumes 
What, now, will be the pressure for 17,000 bb 


] 
] 
l line, 12 miles long 


transported the pressure per mil 


as 20 Ib. per mile. 


per day through above line and what will be the net hp. and b.ly 
required ? 
Since P vanes as Q*, the pressure for 17,000 bbl. wi ly 
17.000 oa 
or 2.89 times the pressure tor 10,000 bbl. The pre re 
LO,000 
in the line would then be 2.89 20 or 57.8 lb. per mile. 
Inasmuch as the velocity is halved when using two 6-in. lin 


for the S-mile section, each line earrving an equal amount of o 


the equivalent length of 6-in. line for each bran would be on 
two miles, the length varving directly as the square of the veloeit 


G-in. line equivalent to the 8-in. pipe 


the ratio of the fitth powers of the diameters ¢ 


t 

| 
6-in. line equivale nt to 
0.37 


miles di ided by 
10 


‘ 


In i like manne! e tengt 


12-1n. 


and 8 in. 2.58 miles. 


or 
the 12 miles of pipe wou 


or miles. In other words, the equivalent length of 
in the line under consideration would total 
57.8 lb. per mile, the total pressure 
line would be 1 lb. 


Making use of the simple formula for hp. already derived 


12.75 miles. | 


pressure on the line ot 


oe aa 57.8 or 737 


axe f oe 


nave 
17.000 737 
Net Horsepower 17 113 
1000 1000 
17.000 737 
Brake Horsepower 20 250 
1000 1000 


No doubt many other useful relations could be derived for the 
purpose of expediting pipe-line calculations, but those which have 


been presented are among the most useful. 











